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It  has  been  the  author's  desire  in  this  as  in  the  previous 
editions  of  the  present  work,  to  adapt  it  to  the  existing 
state  of  our  knowledge  of  geography  and  the  allied  sciences, 
which  have  made  such  rapid  progress  during  the  last 
few  years.  The  task  of  embodying  all  the  important  new 
information,  and  of  correcting  the  previous  descriptions 
by  the  light  of  recent  research,  has  been  entrusted  to  Mr. 
H.  W.  Bates,  whose  opportunities  as  Assistant  Secretary  of 
the  Royal  Geographical  Society,  and  qualifications  as  a 
scientific  explorer,  gave  the  author  full  confidence  that  the 
work  would  be  well  executed.  Without  altering,  in  any 
essential  point,  the  plan  of  the  work  or  the  general  views 
entertained  by  the  author,  he  has  largely  modified  the 
statements  of  fauots  and  minor  conclusions,  in  accordance 
with  the  results  of  recent  scientific  investigation.^ 


'  The  sources  from  which  the  additions  to  the  work  have  been  derived 
are  too  numerous  to  be  here  mentioned.  Suffice  it  to  say  that  the  Transac- 
tions of  the  Royal  Geographical  and  other  similar  Societies,  the  Reports  of 
official  surreys  of  various  countries  and  in  various  languages,  and  all  the 
best  recent  books  of  Travel,  have  been  consulted,  and  all  numerical  state- 
ments carefully  compared  and  tested. 

The  chapters  relating  to  Meteorology  and  allied  subjects  have  further 
been  revised  by  Mr.  Alexander  Buchan,  Secretary  to  the  Scottish  Meteoro- 
logical Society,  to  whom  and  to  Miss  Chessar,  Geographical  Lecturer  at  the 
Home  and  Colonial  Training  College,  who  aided  in  the  arduous  research 
into  original  authorities,  the  work  is  also  greatly  indebted  for  its  present 
completeness. 
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CHAPTER    I. 


GEOLOGY. 


§  1.  Of  Ph^rsical  Geography.  §  2.  Poeition  of  the  Earth  in  the  Solar  Sys- 
tem. §  3.  Diatance  from  the  Son ;  civil  year ;  mass  of  the  Sun.  §  4. 
Distance  of  the  Moon ;  figure  and  density  of  the  Earth  from  the  motions 
of  the  Moon.  §  5.  Figure  of  the  Earth  from  the  measure  of  arcs  of  the 
meridian.  §  6.  From  oscillations  of  pendulum ;  local  disturbances ;  mean 
density  of  the  Earth.  §  7.  Outline  of  Geology ;  succession  of  organic 
beings;  antiquity  of  man. 

§  1.  Physical  Geography  is  a  description  of  the  earth,  the  sea,  and 
the  air,  with  their  inhabitants  animal  and  vegetable,  so  far  as 
regards  the  distribution  of  these  organised  beings,  and  the  causes  of 
that  distribution.  Political  and  arbitrary  divisions  are  disregarded, 
the  sea  and  the  land  are  considered  only  with  respect  to  those  great 
features  that  have  been  stamped  upon  them  by  the  hand  of  the 
Almighty,  and  man  himself  is  viewed  but  as  a  fellow-inhabitant  of 
the  globe  with  other  created  things,  yet  influencing  them  to  a  certain 
extent  by  his  actions,  and  influenced  in  return.  The  efiects  of  his 
intellectual  superiority  on  the  inferior  animals,  and  even  on  his  own 
condition,  by  the  subjection  of  some  of  the  most  powerful  agents  in 
nature  to  his  will,  together  with  the  other  causes  which  have  had 
the  greatest  influence  on  his  physical  and  moral  state,  are  among  the 
most  important  subjects  of  this  science. 

The  former  state  of  our  terrestrial  habitation,  the  successive  con- 
vulsions which  have  ultimately  led  to  its  present  geographical 
arrangement,  and  to  the  actual  distribution  of  land  and  water,  so 
powerfully  influential  on  the  destinies  of  mankind,  are  circumstances 
of  primary  importance. 

f  2.  Ilie  position  of  the  earth  with  regard  to  the  sun,  and  its  con- 
nexion with  the  bodies  of  the  solar  system,  have  been  noticed  in 
another  work  of  the  author*s.^  It  has  been  there  shown  that  our 
globe  forms  but  an  atom  in  the  immensity  of  space,  utterly  invisible 


^  Somenrille's  *  Connexion  of  the  Physical  Sciences.* 
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from  the  nearest  fixed  star  and  scarcely  a  telescopic  object  to  the 
remoter  planets  of  our  system.  The  increase  of  temperature  with  the 
depth  below  the  surface  of  the  earth,  and  the  tremendous  desolation 
hurled  over  wide  regions  by  numerous  fire-breathing  mountains,  show 
that  man  is  removed  but  a  few  miles  from  immense  lakes  or  seas 
of  liquid  fire.  The  very  shell  on  which  he  stands  is  unstable  under 
his  feet,  not  only  from  those  temporary  convulsions  that  seem  to 
shake  the  globe  to  its  centre,  but  from  a  slow  almost  imperceptible 
elevation  in  some  places,  and  an  equally  gentle  subsidence  in  others, 
as  if  the  internal  molten  matter  were  subject  to  secular  tides,  now 
heaving  and  now  ebbing,  or  that  the  subjacent  rocks  were  in  one  place 
expanded  and  in  another  contracted  by  changes  of  temperature. 

TTie  earthquake  and  the  torrent,  the  august  and  terrible  ministers 
of  Almighty  Power,  have  torn  the  solid  earth  and  opened  the  seals 
of  the  most  ancient  records  of  creation,  written  in  indelible  cha- 
racters on  the  "perpetual  hills  and  the  everlasting  mountains." 
There  we  read  of  the  changes  that  have  brought  the  rude  mass  to 
its  present  fair  state,  and  of  the  myriads  of  organic  species  that  have 
appeared  on  this  mortal  stage,  have  fulfilled  their  destinies,  and 
have  successively  disappeared  to  make  way  for  new  races,  which, 
in  their  turn,  have  vanished  from  the  scene,  till  the  creation  of  man 
completed  the  glorious  work.  Who  shall  define  the  i)eriods  of  those 
mornings  and  evenings  when  God  saw  that  his  work  was  good  ? 
and  who  shall  declare  the  time  allotted  for  the  human  race,  when 
the  generations  of  the  most  insignificant  insect  existed  for  unnum- 
Ixjred  ages  ?  Yet  man  is  also  to  vanish  in  the  ever-changing  course 
of  events.  These  stupendous  changes  may  be  but  cycles  in  those 
great  laws  of  the  universe  where  all  is  variable  but  the  laws  them- 
selves, and  He  who  has  ordained  them. 

§  3.  The  earth  is  one  of  1 05  planets  which  revolve  about  the 
sun  in  elliptical  orbits :  of  these  98  have  been  discovered  since 
the  year  1781.  Mercury  and  Venus  are  nearer  the  sun  than  the 
earth,  the  others  are  more  remote.  97  are  of  small  dimensions  and 
revolve  between  the  orbits  of  Mars  and  Jupiter.  The  earth  re- 
volves at  a  mean  distance  of  91,430,000  miles  from  the  sun's  centre, 
in  a  civil  year  of  3G5  days  6  hours  9  minutes,  at  the  same  time 
that  it  rotates  in  24  hours  alx)ut  an  axis  which  always  remains 
perallel  to  its^U,  and  inclined  at  an  angle  of  23<^  27'  28"-75  to  the 
plane  of  the  ecliptic ;  consequently  the  days  and  nights  are  of  equal 
length  at  the  equator,  from  whence  they  progressively  differ  more 
and  more  as  the  latitude  increases,  till  at  each  jx)le  alternately 
there  is  perj)etual  day  for  six  months,  and  a  night  of  the  same 
duration :  thus  the  light  and  heat  are  very  unequally  distributed, 
and  both  are  mo<iificd  by  the  atmosphere  by  which  the  earth  is 
surrounded,  and  which  extends  to  the  height  of  more  than  100  miles. 
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With  regard  to  magnitude,  Mars,  Jupiter,  Saturn,  Uranus,  and 
Neptune,  are  larger  than  the  earth,  the  rest  are  smaller ;  but  even 
the  largest  is  incomparably  inferior  to  the  sun  in  size :  his  mass  is 
354,936  times  greater  than  that  of  the  earth,  but  the  earth  is  nearly 
four  times  as  dense. 

§  4.  Though  the  planets  disturb  the  earth  in  its  motion,  their  form 
has  no  effect  on  account  of  their  great  distance  ;  but  it  is  otherwise 
with  regard  to  the  moon,  which  revolves  about  the  earth  at  a  mean 
distance  of  238,793  miles,  and  is  therefore  so  near  that  the  form  of 
both  bodies  causes  mutual  disturbances  in  their  respective  motions. 
The  perturbations  in  the  moon's  motions  from  that  cause,  compared 
with  the  same  computed  from  theory,  show  that  the  earth  is  not  a 
perfect  sphere,  but  that  it  bulges  at  the  equator,  and  is  flattened  at 
the  poles :  they  even  give  a  value  of  this  compression*  or  flattening. 
Again,  theory  shows  that,  if  the  earth  were  throughout  of  the  same 
density,  it  would  be  much  less  compressed  at  the  poles  than  the 
moon's  motions  show  it  to  be,  but  that  it  would  be  very  nearly  the 
same  were  the  earth  to  increase  regularly  in  density  from  the  surface 
to  its  centre ;  and  thus  the  lunar  motions  not  only  make  known  the 
form,  but  reveal  the  internal  structure  of  our  globe.  Actual  mea- 
surement has  proved  the  truth  of  these  results. 

The  courses  of  the  great  rivers,  which  are  generally  navigable  to 
a  considerable  extent,  show  that  the  curvature  of  the  land  differs 
but  little  from  that  of  the  ocean  ;  and  as  the  heights  of  the  moun- 
tains and  continents  are  inconsiderable  when  compared  with  the 
magnitude  of  the  earth,  its  figure  is  understood  to  be  determined  by 
a  surface  at  every  point  perpendicular  to  the  direction  of  gravitation, 
or  of  the  plumb-line,  and  is  the  same  which  the  sea  would  have  if 
it  were  continued  all  round  the  earth  beneath  the  continents.  Such 
is  the  figure  that  has  been  measured  in  various  parts  of  the  globe. 

§  5.  A  terrestrial  meridian  is  a  line  passing  through  both  poles, 
all  the  points  on  which  have  their  noon  contemporaneously,  and 
a  degree  of  a  meridian  is  its  180th  part.  'J'he  lines  perpendicular 
to  it  are  the  parallels  of  latitude.  Now,  if  the  earth  were  a  perfect 
sphere,  all  degrees  of  latitude  would  be  of  the  same  length ;  but,  as 
it  is  flattened  at  the  poles,  the  degrees  are  longest  there,  and 
decrease  in  length  to  the  equator.  1'he  form  and  size  of  the  earth 
may  therefore  be  determined  by  comparing  the  length  of  degrees  of 
the  meridian  in  different  latitudes.^     Eleven  arcs  have  been  mea- 


*  The  compression  of  the  earth  is  the  flattening  at  the  poles.  Its  nu- 
merical value  is  equal  to  the  difference  between  the  equatorial  and  polar 
diameters,  expressed  in  feet  or  miles,  divided  by  the  equatorial  diameter. 

'  The  theoretical  investigation  of  the  figure  of  the  earth,  the  method 
employed  for  measuring  arcs  of  the  meridian^  and  that  of  deducing  the  form 
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sured  in  Europe,  one  in  the  Andes  of  equatorial  America,  two  in 
British  India,  and  one  at  the  Cape  of  Good  Hope ;  but  a  compa- 
rison of  no  two  pves  identical  results,  which  shows  that  the  earth 
has  a  slightly  irregular  form.  From  a  mean  of  10  of  these  arcs 
M.  Bessel  has  deduced  that  the  equatorial  radius  of  the  earth  is 
3963 '025  miles,  and  the  polar  radius  3949*8  miles.  Whence, 
assuming  the  earth  to  be  a  sphere,  the  length  of  a  mean  degree  of 
the  meridian  is  69*05  British  statute  miles ;  therefore  360  degrees, 
or  the  whole  circumference  of  the  globe,  is  24,858  miles ;  the  dia- 
meter, which  is  something  less  than  a  third  of  the  circumference,  is 
about  8286  statute  miles ;  and  the  length  of  a  geographical  mile  of 
60  to  a  degree  is  6086*76  feet.  The  breadth  of  the  torrid  zone  is 
2815  geographical  miles,  the  breadth  of  each  of  the  temperate  zones 
is  2854  miles,  and  that  of  each  of  the  spaces  within  the  arctic  and 
antartic  circles  1140  miles  nearly.  The  results  obtained  by  Mr. 
Airy,  the  Astronomer  Royal,  10  years  afterwards,  only  differ  from 
those  of  M.  Bessel  by  117  feet  in  the  equatorial,  and  148  feet  in  the 
polar  radius,  quantities  not  greater  than  the  length  of  a  good-sized 
ball-room.  In  consequence  of  the  round  form  of  the  earth,  the  dip 
or  depression  of  the  horizon  is  in  round  nimibers  a  fathom  for  every 
three  miles  of  distance ;  that  is  to  say,  an  object  a  fathom  or  six 
feet  high  would  be  hid  by  the  curvature  of  the  earth  at  the  distance 
of  three  miles.  Since  the  dip  increases  as  the  square,  a  hill  100 
fathoms  high  would  be  hid  at  the  distance  of  10  miles ;  and  the 
top  of  Mount  Everest,  the  most  elevated  point  of  the  Himalaya 
hitherto  measured,  29,002  feet  high,  would  be  seen  to  sink  beneath 
the  horizon  by  a  person  about  169  miles  off:  thus,  when  the  height 
is  known,  an  estimate  can  be  formed  of  the  distance  of  a  mountain 
by  observing  its  angular  distance  above  the  sea-horizon. 

§  6.  The  oscillations  of  the  pendulum  have  afforded  another  method 
of  ascertaining  the  form  of  the  earth.  Like  all  heavy  bodies,  its 
descent  and  consequently  its  oscillations  are  accelerated  in  proportion 
to  the  force  of  gravitation,  which  increases  from  the  equator  to  the 
poles.  In  order,  therefore,  that  the  oscillations  may  be  everywhere 
performed  in  the  same  time,  the  length  of  the  pendulum  must  be 
increased  progressively  in  going  from  the  equator  to  the  poles,  ac- 
cording to  a  known  law,*  from  whence  the  compression  or  flattening 


of  the  earth  from  the  oscillations  of  the  pendulum,  are  ^iven  in  the  6th 
section  of  the  '  Connexion  of  the  Physical  Sciences,*  by  Mary  Somerville, 
l^th  edition. 

^  A  pendulum  which  oscillates  86,400  times  in  a  mean  day  at  the  equa- 
tor, will  do  the  same  at  every  point  of  the  earth's  surface  if  its  length  be 
increased  progressively  to  the  pole  as  the  square  of  the  sine  of  the  latitude. 
The  sine  of  the  latitude  is  a  perpendicular  line  drawn  from  any  point  of  a 
terrestrial  meridian  to  the  equatorial  radius  of  the  earth.    That  line  ex- 
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at  the  poles  may  be  deduced.  Experiments  for  that  purpose  have 
been  made  in  a  great  number  of  places ;  but,  as  in  the  measurement 
of  the  meridian  arcs,  no  two  sets  give  exactly  the  same  results.  The 
mean  of  the  whole,  however,  differs  very  little  from  that  given  by  the 
measurement  of  degrees  of  the  meridian  and  the  perturbations  of 
the  Inoon ;  and  as  the  three  methods  are  so  entirely  independent  of 
each  other,  the  figure  and  dimensions  of  the  earth  may  be  considered 
to  be  known  with  great  accuracy.  The  sea  has  little  effect  on  these 
experiments,  both  because  its  density  is  less  than  that  of  the  earth, 
and  that  its  mean  depth  of  perhaps  four  miles  is  inconsiderable 
when  compared  with  3956  miles,  the  mean  terrestrial  radius.' 

The  discrepancies  in  the  results  from  the  comparison  of  the 
different  sets  of  pendulum  experiments,  and  also  of  measured  degrees 
of  the  meridian,  can  only  arise  from  local  attraction,  and  from  irre- 
gularities in  the  form  of  the  earth's  surface.  These  attractions, 
produced  from  dense  masses  of  rock  or  mountains,  cause  the  plumb- 
line  to  deviate  from  the  vertical,  and  when  under  ground  they  alter 
the  oscillations  of  the  pendulum.  General  Sabine,  who  made  experi- 
ments with  the  pendulum  from  the  equator  to  within  ten  degrees 
of  the  north  pole,  discovered  that  the  intensity  is  augmented  by 
volcanic  islands.  A  variation  to  the  amount  of  one-tenth  of  a 
second  in  24  hours  can  be  perfectly  ascertained  in  the  rate  of  the 
pendulum ;  but  from  soAe  of  these  local  attractions  a  variation  of 
nearly  10  seconds  has  occurred  during  the  same  period.  The  islands 
of  8t.  Helena,  Ascension,  St.  Thomas,  Mauritius,  are  some  of  those 
noted  by  General  Sabine. 

l^ere  are  other  remarkable  instances  of  local  disturbance,  arising 
from  the  geological  nature  of  the  soil ;  for  example,  the  intensity  of 
gravitation  is  smaller  at  Bordeaux,  from  whence  it  increases  rapidly 
to  Clermont-Ferrand,  Milan,  and  Padua,  where  it  attains  a  maxi- 
mum (owing  probably  to  dense  masses  of  rock  under  ground),  and 
from  thence  it  extends  to  Parma.  In  consequence  of  this  local 
attraction,  the  degrees  of  the  meridian  in  that  part  of  Italy  seem  to 
increase  in  length  towards  the  equator  through  a  small  space,  in- 
stead of  decreasing,  as  if  the  earth  were  drawn  out  instead  of  flat- 
tened at  the  poles. 

It  appears  from  this  that  the  effect  of  the  whole  mass  of  the  globe 
on  a  pendulum  or  torsion  balance  may  be  compared  with  the  effect 


press^  in  feet  or  miles,  and  multiplied  by  itself,  is  the  square  of  the  sine 
of  the  latitude.  Gravitation  increases  from  the  equator  to  the  poles  ac- 
cording to  that  law,  and  the  length  of  the  degrees  augments  very  nearly  in 
the  same  ratio. 

'  The  ineqaalities  in  the  motions  of  the  moon  and  earth  are  explained  in 
Sections  5  and  11  of  the  *  Connexion  of  the  Physical  Sciences.' 
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of  a  small  part  of  it,  and  thus  a  comparison  may  be  instituted 
between  the  mass  of  the  earth  and  the  mass  of  that  part  of  it.  Now 
a  leaden  ball  was  weighed  against  the  earth  by  comparing  the 
effects  of  each  upon  a  balance  of  torsion ;  the  nearness  of  the 
smaller  mass  making  it  produce  a  sensible  effect  as  compared  with 
that  of  the  larger,  for  by  the  laws  of  attraction  the  whole  earth 
must  be  considered  as  collected  in  its  centre.  In  this  manner  a 
value  of  the  mass  of  the  earth  was  obtained ;  and,  as  its  volume 
was  known,  its  mean  density  was  found  to  be  5*675  times  greater 
than  that  of  water  at  the  temperature  of  62°  of  Fahrenheit's  ther- 
mometer. Now,  as  that  mean  density  is  double  that  of  basalt,  and 
more  than  twice  that  of  granite,  rocks  which  undoubtedly  have 
emanated  from  very  great  depths  beneath  the  surface,  it  affords 
another  proof  of  the  increase  in  density  towards  the  earth's  centre. 
'J'hese  experiments  were  first  made  by  Cavendish  and  Mitchell,  and 
latterly  with  much  greater  accuracy  by  the  late  Mr.  Baily,  who 
devoted  four  years  of  unremitted  attention  to  the  accomplishment 
of  this  imjwrtant  and  difficult  research.* 

§  7.  Although  the  earth  increases  in  density  from  the  surface  to 
the  centre,  as  might  naturally  be  expected  from  the  increasing 
pressure,  yet  the  surface  consists  of  a  great  variety  of  substances  of 
different  densities,  some  of  which  occur  in  amorphous  masses; 
others  are  disposed  in  regular  layers  or  sft^ta,  either  horizontal  or 
inclined  at  all  angles  to  the  horizon.  By  mining,  man  has  pene- 
trated only  a  very  little  way ;  but  by  reasoning  from  the  dip  or 
inclination  of  the  strata  at  or  near  the  surface,  and  from  other  cir- 
cumstances, he  has  obtained  a  pretty  accurate  idea  of  the  structure 
of  our  globe  to  the  depth  of  about  10  miles.  All  the  substances  of 
which  we  have  any  information  are  divided  into  four  classes,  dis- 
tinguished by  the  manner  in  which  they  have  been  formed  : 
namely,  plutonic  and  volcanic  rocks,  Iwth  of  igneous  origin,  though 
produced  under  different  circumstances ;  aqueous  or  stratified  rocks, 


*  Mr.  Airy  made  a  series  of  experiments  to  ascertain  the  mean  density 
of  the  earth  by  comparing  the  simultaneous  oscillations  of  two  pendulums, 
one  at  the  bottom  of  the  Harton  Coal  Mine  in  Northumberland,  12G0  feet 
deep,  and  the  other  on  the  surfiice  of  the  earth  perpendicularly  above  it. 
The  oscillations  were  compared  with  an  astronomical  clock  at  each  station, 
and  the  time  was  instantaneously  transmitted  from  one  to  the  otj^er  by  a 
telegraphic  wire.  The  oscillations  were  observed  for  more  than  100  hours 
consecutively,  when  it  was  found  that  the  lower  pendulum  made  two  oscil- 
lations more  in  24  hours  than  the  upper  one.  The  places  of  t^e  pendulums 
were  then  reversed  and  the  experiment  repeated  for  the  lime  length  of 
time  with  the  same  result.  The  difference  in  the  number  ^AMHH)lations  at 
the  two  stations  showed  that  gravitation  at  the  bottom  ^^K(^  mine  ex- 
ceeded that  at  the  surface  by  the  y^j^  part,  and  that  thi^Vean  density  of 
the  earth  deduced  therefrom  was  6'565.  y 
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entirely  due  to  the  action  of  water,  as  the  name  implies;  and 
metamorphic  rocks,  originally  deposited  by  water,  and  consequently 
stratified,  but  subsequently  altered  from  their  original  state  and 
crystallized.  The  aqueous  and  volcanic  rocks  are  formed  at  or 
near  the  surface  of  the  earth,  the  plutonic  and  metamorphic  at 
greater  depths;  but  all  of  them  have  originated  simultaneously 
during  every  geological  period.  The  antagonistic  principles  of  fire 
and  water  have  ever  been  and  still  are  the  cause  of  the  perpetual 
vicissitades  to  which  the  crust  of  the  earth  is  liable. 

Opinion  with  regard  to  the  formation  of  the  igneous  crystalline 
rocks  by  the  cooling  of  fused  matter  under  immense  pressure  has 
been  greatly  modified,  chiefly  by  the  experiments  of  the  continental 
chemists,  who  have  come  to  the  conclusion  that  water  combined 
with  intense  heat  and  pressure  must  have  had  an  important  share 
in  these  operations  from  the  most  remote  geological  periods.  It  has 
long  been  known  that  substances  combine  chemically  with  certain 
portions  of  water  while  crystallizing,  and  that  the  same  substance 
crystallizing  at  difi*erent  temperatures  combines  with  different  quan- 
tities of  water,  and  assumes  a  corresponding  variety  of  forms.  Now 
granite  and  such  of  the  metamorphic  rocks  as  owe  their  structure 
to  heat  and  great  pressure  are  highly  crystalline,  and  by  numerous 
synthetic  experiments  it  has  been  clearly  proved  that  water  has 
been  as  necessary  to  their  formation  as  heat  and  pressure,  and  that 
the  agency  of  the  aqueous  principle  begins  now  to  be  generally 
acknowledged.  ITie  earthquake,  the  elevation  and  disruption  of 
the  terrestrial  strata,  and  the  torrents  of  lava  that  flow  from  the 
craters  of  numerous  volcanoes,  are  sufficient  proofs  that  abundance 
of  water  in  the  state  of  steam  at  a  high  pressure  abounds  in  the 
interior  of  the  earth. 

It  has  been  ascertained  that  the  plutonic  rocks,  consisting  of  the 
granites  and  some  of  the  porphyries,  were  formed  in  the  deep  and 
fiery  caverns  of  the  earth,  of  molten  matter,  which  crystallized  and 
combined  with  water  as  it  slowly  cooled  under  enormous  pressure, 
and  was  then  heaved  up  in  unstratified  masses,  by  the  elastic  force 
of  the  internal  heat,  even  to  the  tops  of  the  highest  mountains, 
or  forced  in  a  semi-fluid  state  into  fissures  of  the  superincumbent 
strata,  sometimes  into  the  cracks  of  the  previously  formed  granite ; 
for  that  rock,  which  constitutes  the  base  of  so  large  a  portion  of  the 
eartVs  crust,  has  not  been  all  formed  at  once ;  some  portions  had 
been  solid,  while  others  were  yet  in  a  liquid  state.  1  his  class  of 
rocks  is  completely  destitute  of  fossil  organic  remains. 

Although  granite  and  volcanic  rocks  are  lx)th  due  to  the  action 
of  fire,  their  nature  and  position  are  very  different ;  granite,  fused 
in  the  interior  of  the  earth,  has  been  probably  cooled  to  a  certain 
extent  before  coming  to  the  surface :  besides,  it  consists  of  few  in- 
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grcdients,  so  that  it  has  nearly  the  same  mineralogical  character  in 
all  countries.  But  as  the  Tolcanic  fire  rises  to  the  very  surface  of 
the  earth,  fusing  whatever  it  meets  with,  volcanic  rocks  assume 
various  forms,  not  only  from  the  varied  kinds  of  strata  which  aro 
melted,  but  from  the  different  conditions  under  which  the  liquid 
matter  has  been  cooled,  and  the  different  proportions  of  water  with 
which  it  combines  —  circumstances  that  seem  to  have  had  the 
greatest  effect  on  its  appearance  and  structure.  Sometimes  it 
assumes  a  crystalline  granitic  structure,  at  others  it  becomes 
vitreous,  or  like  glass;  in  short,  all  those  massive,  unstratified, 
and  occasionally  columnar  rocks,  as  basalt,  greenstone,  certain  por- 
phyries, and  perhaps  serpentine,  are  due  to  volcanic  action,  and 
are  consequently  devoid  of  organic  remains. 

There  seems  scarcely  to  have  been  any  age  of  the  world  in  which 
volcanic  eruptions  have  not  taken  place  in  some  part  of  the  globe. 
Lava  has  pierced  through  every  description  of  rocks,  spread  over 
the  surface  of  those  existing  at  the  time,  filled  their  crevices,  and 
flowed  between  their  strata.  Ever  changing  its  place  of  action,  it 
has  burst  out  at  the  bottom  of  the  sea  as  well  as  on  dry  land. 
Enormous  quantities  of  scorisB  and  ashes  have  been  ejected  from 
numberless  craters,  and  have  formed  extensive  deposits  in  the.  sea, 
in  lakes,  and  on  the  dry  land,  in  which  are  embedded  the  remains 
of  the  animals  and  vegetables  of  the  epoch. 

There  can  be  no  doubt  that  metamorphic  crystalline  stratified 
rocks,  such  as  gneiss,  mica-schist,  clay -slate,  quartz  rock,  statuary 
marble,  dolomites,  &c.,  were  formed  of  the  sediment  of  water  in 
regular  layers,  differing  in  kind  and  colour,  and  that  they  have 
acquired  a  crystalline  structure,  but  that  the  change  has  been  in- 
variably effected  in  consequence  of  their  proximity  to  deep-seated 
fused  matter.  The  term  metamorphic  has  now  a  more  extensive 
meaning;  it  is  applied  to  any  sedimentary  rock  that  is  altered 
from  its  original  state  to  a  hard  or  crystalline  structure,  without 
reference  to  any  theory  by  the  agency  of  which  the  change  was 
produced,  however  diversified  the  nature  of  the  rock  may  be.  In 
fact,  Chemical  Geology,  a  recent  branch  of  science,  has  proved  that 
the  t«rm  metamorphic,  taken  in  its  widest  sense,  mi^'ht  be  applied 
to  every  altered  rock,  be  its  l^»e  or  nature  what  it  may.  It  is 
possible  that  highly  crystallized  strata  which  extend  over  thousands 
of  square  miles  may  have  occasionally  acquired  their  cr}'stalline 
character  from  transmitted  heat  combined  with  steam  and  chemical 
action  under  enormous  pressure.*    Mr.  Darwin  estimated,  from  the 


'  The  whole  questioD  of  raetamorphism  in  rocks  has  been  admirably 
treated  in  a  prize  essay  presented  to  the  Institute  of  France  by  M.  Danbi^^ 
{Etudea  svw  U  3J^tamorph%mM  de$  Roches  Crystallines^  Paris,  1859),  in 
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namberof  volcanoes  in  simultaneons  eruption  in  the  Chilian  Andes 
in  the  year  1835,  that  a  subterraneous  lake  of  liquid  lava  twice  as 
large  as  the  Black  Sea  was  in  all  probabili^  formed  under  the 
southern  extremity  of  the  American  continent,  and  the  internal 
fire  was  certainly  not  less  energetic  in  the  early  geological  eras. 
An  earthy  stratum  has  sometimes  been  changed  into  a  highly 
crystallized  rock,  to  a  considerable  distance  from  the  point  of  con- 
tact, by  heat  thus  transmitted ;  and  there  are  instances  of  dark- 
coloured  limestone,  full  of  fossil  shells,  that  has  been  changed  into 
statuary  marble  from  the  same  cause.  Such  alterations  may  fre- 
quently be  seen  to  a  small  extent  on  rocks  adjacent  to  a  stream  of 
lava. 

Notwithstanding  these  instances,  it  would  be  a  great  error  to  sup- 
pose that  metamorphism  is  always  connected  with  internal  heat, 
even  in  formations  of  great  extent ;  for  it  frequently  happens  that 
crystalline  strata  alternate  with  others  of  vast  thickness  through 
which  the  heat  could  not  have  been  transmitted.  Those  strata 
could  hardly  have  remained  for  long  geological  epochs  under  the 
influence  of  chemical  affinity,  electricity,  and  magnetism,  which  per- 
petually agitate  all  the  atoms  of  matter,  without  assuming  a  crys- 
talline character,  which  the  intimate  and  singular  connection  of 
these  forces  with  crystallization  renders  the  more  probable.  Crystals 
are  produced  by  chemical  attraction,  and  also  by  electricity ;  for 
M.  Becquerel  formed  a  great  number,  precisely  the  same  with  those 
produced  in  nature,  by  the  long-continued  action  of  weak  galvanic 
electricity  upon  suitable  substances.  It  may  be  presumed  that 
occasionally  at  least,  the  isolated  crystals  found  in  veins  and  im- 
bedded in  the  crystalline  rocks  may  be  attributed  to  this  cause.  The 
physical  forces  are  really  metamorphic,  and  have  an  important  share 
in  those  changes  which  the  formations  of  all  ages  seem  to  undergo ; 
the  whole  phenomena  are  extremely  complicated,  but  synthetic 
chemistry  is  daily  throwing  light  upon  this  difficult  subject. 

There  is  seldom  a  trace  of  organic  remains  in  the  crystalline  stratified 
rocks ;  their  strata  are  sometimes  horizontal,  but  they  are  usually 
tilted  at  all  angles  to  the  horizon,  and  form  some  of  the  highest 
mountains  and  most  extensive  table-lands  on  the  face  of  the  globe. 

Aqueous  rocks  are  all  stratified,  being  sedimentary  deposits  from 
water.  They  originate  in  the  wear  of  the  land  by  rain,  streams,  or 
the  waves  of  the  ocean.  The  deT^ris  carried  by  running  water  are 
deposited  at  the  bottom  of  the  seas  and  lakes,  where  they  are  con- 
solidated, and  then  raised  up  by  subterranean  forces,  again  to 
undergo  the  same  process  of  destruction  after  a  lapse  of  time.     By 


vhich  its  author  has  rendered  every  justice  to  the  first  propagator  of  the 
theory,  our  couDtrjrmaii  James  Button. 
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the  wasting  away  of  the  land  the  lower  rucks  are  laid  bare ;  and, 
as  the  materials  are  deposited  in  different  places  according  to  their 
weight,  the  strata  are  exceedingly  varied,  but  consist  chiefly  of 
arenaceous  or  sandst<me  rocks,  composed  of  sand,  clay,  and  carbonate 
of  lime.  They  constitute  three  great  geological  divisions,  which,  in 
an  ascending  order,  are  the  primary  and  secondary  fossiliferous  strata 
and  the  tertiary  formations. 

The  primary  fossiliferous  or  Palaeozoic  strata,  the  most  ancient  of 
all  the  sedimentary  rocks,  consisting  of  limestones,  sandstones,  and 
shales,  are  entirely  of  marine  origin,  having  been  formed  far  from 
land  at  the  bottom  of  an  ocean;  consequently  they  contain  the 
remains  of  marine  animals  only,  and  after  the  lapse  of  unnum- 
bered ages  even  the  ripple-marks  of  the  waves  are  often  distinctly 
visible  on  the  surface  of  some  of  their  strata.  The  Palaeozoic  rocks 
are  subdivided  into  the  Cambrian,  and  the  Lower  and  Up{KT  Silu- 
rian, Devonian,  and  Carboniferous  systems,  each  distinguished  by 
their  peculiar  fossil  remains. 

Recently,  indeed,  it  has  been  shown  by  Sir  William  Logan  in 
Canada,  and  simultaneously  by  Sir  R.  Murchison  in  the  north- 
western parts  of  Scotland,  that  there  exists  a  sedimentary  system  of 
strata  of  older  date  than  the  Cambrian  and  Silurian  rocks.  Stratified 
masses,  now  for  the  most  part  in  the  state  of  gneiss,  yet  containing 
numerous  interix)lations  of  schistose,  silicious,  calcareous  beds,  asso- 
ciated with  many  granitic  and  homblendic  rocks,  are  seen  in  the 
Laurentian  mountains  of  British  North  America  to  rise  up  from  be- 
neath all  the  Uuronian  (Cambrian)  and  Lower  Silurian  deposits,  and 
hence  Sir  W.  Logan  assigned  to  them  the  name  of  Laurentian.  Dis- 
covering a  similar  infraposition  on  the  west  coasts  of  Sutherland  and 
Ross,  including  the  great  island  of  Lewis,  Sir  R.  Murchison,  term- 
ing these  rocks  Fundamental  Gneiss,  demonstrated  that  they  were 
clearly  overlaid  by  sandstone  and  conglomerates,  with  an  entirely 
different  strike  (Cambrian),  and  that  the  latter  were  followed  by 
crystalline  schists  and  limestone,  containing  Lower  Silurian  fossils. 
The  sei^aration  of  this  fundamental  or  Laurentian  gneiss  from  all 
the  younger  schistose,  quartzose,  and  occasionally  gneissose  strata 
of  the  central  and  eastern  highlands  of  Scotland,  which  are  the 
metamorphosed  equivalents  of  the  Silurian  rocks,  is  one  of  the  most 
important  additions  to  our  acquaintance  with  the  history  of  the 
succession  of  geological  formation  which  has  been  made  in  the 
present  day.* 

In  the  Cambrian  rocks,  upwards  of  20,000  ft.  thick,  no  other 
organic  remains  are  known  except  a  rare  zoophyte,  a  doubtful 

*  See  *  Quarteriy  Journal  Geological  Society ; '  and  *  New  Geological  Map 
of  Scotland,*  by  Mnrchison  and  Geikie  (A.  Keith  Johnston,  Edinburgh). 
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trilobite,  and  traces  of  sea-worms ;  but  the  Silurian  rocks  abound 
in  them  more  and  more  as  the  strata  lie  higher  in  the  series ;  the 
whole  being  charal^rised  by  the  serrated  zoophytes  called  Grapto- 
iites.  A  discovery  of  animal  remains  of  remarkable  interest  has, 
however,  recently  been  made  in  the  lowest  beds  of  the  Laurentian 
system,  and  therefore  far  beneath  the  oldest  of  the  hitherto-known 
fossiliferoiis  formations.  These  remains  belong  to  the  Eozoon 
Canadense,  a  form  low  in  the  scale  of  organization,  and  found  in 
great  abundance  in  Canada.  In  the  lower  Silurian  group  are  the 
remains  of  shells,  almost  all  of  extinct  genera ;  and  the  few  that 
have  any  affinity  to  those  alive  are  of  extinct  species.  Crinoidea, 
or  stone  lilies,  which  had  been  fixed  to  the  rocks  like  tulips  on 
their  stems,  are  coeval  with  some  of  the  earliest  inhabitants  of  the 
deep ;  and  the  trilobite,  a  jointed  creature  of  the  crab  kind,  with 
prominent  eyes,  is  almost  exclusively  confined  to  the  Silurian 
i^trata,  but  the  last  traces  of  it  are  found  in  the  Carboniferous 
limestone  above.  In  the  Upper  Silurian  group  are  abundance  of 
marine  shells  of  almost  every  order,  together  with  crinoidea,  vast 
quantities  of  corals,  and  some  sea-weeds :  several  small  and  very 
p>eculiar  fishes,  of  extinct  genera,  but  of  a  high  organization,  have 
been  found  in  the  highest  beds — ^the  only  vertebrated  animals  that 
have  yet  been  discovered  among  the  countless  profusion  of  the 
lower  orders  of  animals  that  are  entombed  in  the  primary  fossili- 
ferous  strata.  The  remains  of  one  or  more  land-plants,  in  a  very 
imperfect  state,  are  said  to  have  been  found  in  the  Silurian  rocks 
of  North  America,  which  shows  that  there  had  been  dry  land  with 
vegetation  at  that  early  period.*  I'he  type  of  these  plants,  as  well 
as  the  size  of  the  shells  and  the  quantity  of  the  corallines,  indicate 
that  a  uniformly  warm  temperature  then  prevailed  over  the  globe. 
During  the  Silurian  period  an  ocean  covered  the  northern  hemi- 
sphere, islands  and  lands  of  moderate  size  had  begun  to  rise  from 
beneath  its  waters,  and  earthquakes,  with  volcanic  eruptions 
from  insular  and  submarine  volcanoes,  were  frequent  towards  its 
close. 

The  younger  palaeozoic  strata,  which  comprise  a  great  geological 
period,  and  constitute  a  principal  part  of  the  high  land  of  Europe, 
were  deposited  at  the  bottom  of  an  ocean,  like  the  primary,  from 
the  d^ris  of  all  the  others,  carried  down  by  water,  and  still  bear 
innumerable  tokens  of  their  marine  origin.     Calcareous  rocks  are 


^  According  to  Sir  R.  MarchisoD,  the  highest  authority  upon  this  class 
of  formations,  no  unequivocal  terrestrial  plants  or  vertehral  animals  (i.  e, 
fishes)  have  been  found  in  strata  older  than  the  youngest  Silurian,  or  the 
Ludlow  rocks,  where  the  Silurian  begin  to  pass  into  the  Devonian  beds,  in 
which  Und-pUnts  and  fishes  abound. 
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more  abundant  in  these  strata  than  in  the  crystalline,  probably 
because  the  carbonic  acid  was  then,  as  it  still  is,  driven  off  from  the 
lower  strata  by  internal  heat,  and  came  to  the  Airface  as  ^as  or  in 
calcareous  springs,  which  either  rose  in  the  sea  and  fumishetl  ma- 
terials for  shell-fish  and  coral  animals  to  build  their  habitations  and 
form  coral  reefs,  or  deposited  their  calcareous  matter  on  the  land 
in  the  form  of  rocks. 

The  Devonian  or  old  Red  Sandstone  group,*  in  many  places  10,000 
feet  thick,  consisting  of  strata  of  conglomerates,  dark  red  and  other 
sandstones,  marls,  coralline  limestones,  &c.,  forms  a  link  between 
the  Silurian  and  Carboniferous  rocks,  by  a  resemblance  in  their 
fossil  remains.  It  has  fossils  peculiarly  its  own,  whilst  others  are 
common  to  the  strata  both  above  and  below  it.  1'here  are  various 
species  of  extinct  fishes  in  this  group,  some  of  which  were  of 
gigantic  size,  others  had  strong  bony  shields  on  their  heads,  and 
one  covered  with  osseous  scales  had  fins  or  appendages  like  wings. 
The  sharks  approach  nearer  to  some  of  these  ancient  fishes  than 
any  other  now  living.' 

During  the  long  period  of  tranquillity  that  prevailed  after  the 
Devonian  group  was  deposited,  a  very  hot,  moist,  and  extremely 
equable  climate,  which  extended  all  over  the  globe,  had  clothed  the 
islands  and  lands  in  the  ocean  then  covering  the  northern  hemi- 
sphere with  luxuriant  tropical  forests  and  jungles.  Subsequent 
inroads  of  fresh  water,  or  of  the  sea,  or  rather  partial  sinkings  of 
the  land,  had  submerged  these  forests  and  jungles,  which,  being 
covered  with  layers  of  sand  and  mud,  had  in  time  been  consolidated 
into  one  mass,  and  were  then  left  dry  by  the  retreat  of  the  waters, 
or,  more  probably,  raised  above  the  surface  by  internal  forces. 

These  constitute  the  remarkable  group  of  the  Carboniferous  sys- 
tem, which  consists  of  strata  of  limestones,  shales,  and  sandstones, 
filled  with  a  prodigious  quantity  of  the  remains  of  fossil  land-plants, 
intermixed  with  beds  of  coal,  which  is  entirely  composed  of  vege- 


*  The  name  of  Devonian  was  given  to  the  rocks  of  this  group  by  Murchi- 
lon  and  Sedgwick,  because  the  calcareous  strata  of  Devonshire  contain  fos- 
fils  which  are  unknown  in  the  more  arenaceous  parts  of  the  old  Red  Sand- 
stone, and  indicate  an  intermediate  period  between  the  Silurian  and  Car- 
boniferous systems.  The  Devonian  rocks  are  repi*esented  on  the  Continent 
by  the  schistose  fossiliferous  rocks  of  the  gorges  of  the  Rhine,  and  in  Russia 
by  others  containing  the  shells  of  Devonshire  and  the  fossil  fishes  of  the  old 
Red  Sandstone  of  Sa>tland. — See  Murchison's  Siluria. 

*  The  old  Red  Sandstone  of  Scotland,  where  it  is  remarkably  well  de- 
veloped, has  been  admirably  illustrated  in  three  works  by  one  of  our  most 
industrious  and  talented  northern  geologists,  the  late  Mr.  Hugh  Miller. 
See  '  Old  Red  Sandstone,*  the  '  Footprints  of  the  Creator/  1  vol.  12mo.,  1850, 
and  'Testimony  of  the  Rocks,'  1  vol.  12mo.,  1857,  published  after  the  death 
of  its  lamented  author. 
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table  matter.  In  some  cases  the  plants  appear  to  have  been  carried 
down  by  floods,  and  deposited  in  estuaries  near  the  mouths  of  rivers ; 
but  in'  most  instances  the  beauty  and  delicacy  of  their  impressions 
show  that  they  had  grown  near  to  the  spot  where  the  coal  was 
formed.  More  than  300  species  of  fossil  plants  have  been  collected 
from  the  strata  where  they  aboimd,  frequently  with  their  seeds  and 
fruits,  so  that  enough  remains  to  show  the  peculiar  nature  of  this 
flora,  whose  distinguishing  feature  is  the  preponderance  of  mono- 
cotyledonous  plants ;  among  these  there  were  tree-ferns  of  40  and 
50  feet  high.  There  were  also  plants  resembling  the  fox-tail  tribe 
(equisetum),  of  gigantic  size ;  others  like  the  tropical  club  mosses ; 
besides  others,  to  which  we  have  nothing  now  living  analogous. 
Coniferous  trees  of  great  magnitude,  of  the  pine  and  fir  tribes, 
flourished  at  that  period.  The  remains  of  an  extinct  araucaria, 
one  of  the  largest  of  the  pine  family,  have  been  found  in  the 
British  coal-fields ;  the  existing  species  now  grow  in  countries  of 
the  southern  hemisphere ;  a  few  rare  instances  occur  of  grasses, 
palms,  and  liliaceous  plants.  The  botanical  districts  were  very 
extensive  when  the  coal-plants  were  growing,  for  some  species  are 
nearly  identical  throughout  the  coal-fields  of  Europe  and  America. 
From  the  extent  of  the  ocean,  the  insular  configuration  of  the  land, 
the  profusion  of  ferns  and  fir-trees,  and  the  warm,  moist,  and 
equable  climate,  the  northern  hemisphere,  during  the  formation  of 
the  coal  strata,  very  probably  bore  a  strong  resemblance  to  that  of 
the  i^outh  Pacific,  with  its  fern  and  fir  clothed  lands  of  New  Zea- 
land, Kerguelen  Land,  &c.  &c. 

'J'he  marine  remains  of  the  Carboniferous  period  are  found  chiefly 
in  the  mountain  limestone,  a  rock  which  in  some  countries  lies  be- 
neath the  coal-measures,  or  sometimes  alternates  with  their  shales 
and  sandstones.  They  consist  of  crinoidea  and  marine  testaceae, 
among  which  the  size  of  the  chambered  shells,  as  well  as  that  of  the 
corals,  shows  that  the  waters  of  the  ocean  were  then  very  warm, 
even  in  the  high  northern  latitudes.  The  footsteps  of  a  very  large 
reptile  allied  to  the  frog  family  have  been  found  on  some  of  the 
Carboniferous  strata  of  North  America.  In  many  countries,  as  in 
Scotland,  Russia,  and  Turkey,  the  coal-beds  are  in  the  Carboni- 
ferous limestone. 

The  coal  strata  have  been  very  much  broken,  deranged,  and 
dislocated  in  many  places  by  earthquakes  and  igneous  eruptions, 
producing  faults  or  dykes,  and  basaltic  veins,  which  frequently 
occurred  also  during  the  secondary  fossiliferous  period,  and  from 
time  to  time  raised  islands  and  land  from  the  deep.  The  older 
rocks  are  more  shattered  by  earthquakes  than  the  newer,  because 
the  movement  came  from  below ;  but  these  convulsions  have  never 
extended  all  over  the  earth  at  the  same  time :  for  example,  the 
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Silurian  strata  have  been  dislocated  and  disturbed  in  Britain,  while 
throughout  a  vast  area  in  Russia  they  still  retain  a  horizontal  posi- 
tion. There  is  no  proof  within  the  historical  period  that  any  entire 
mountain-chain  has  ever  been  raised  by  great  upheavals,  although 
it  is  generally  admitted  by  our  soundest  geologists  that  such  took 
place  at  remoter  periods,  with  long  intervals  of  ordinary  quiescent 
action,  and  that  by  this  means  the  great  mountain-ridges  of  our 
globe  have  attained  their  present  position ;  the  contrary  opinion, 
which  has  for  its  advocate  Sir  C.  Lyell,  will  only  admit  that  the 
elevation  has  been  produced  by  a  long-continuod  and  reiterated 
succession  of  small  internal  movements  with  iDtervals  of  re]3ose.  In 
some  rare  instances  the  land  has  been  raised  up  or  sunk  down  by 
an  equable  motion  continued  for  ages,  while  in  other  places  the 
surface  of  the  earth  has  remained  stationary  for  long  geological 
periods. 

The  Permian  system  of  Murchison  comes  immediately  above  the 
coal  measures,  and  consists  of  breccias  or  conglomerates,  gypsum, 
sandstones,  marls,  &c. ;  its  distinguishing  feature  in  England  is 
a  yellow  limestone  rock,  containing  a  considerable  proportion  of 
carbonate  of  magnesia,  which  often  assumes  a  granular  texture, 
under  which  form  it  is  known  as  Magnesian  Limestone  or  Dolomite. 
The  Permian  formation  has  a  flora  and  fauna  peculiar  to  itself, 
approaching  to  those  of  the  coal  strata.  Here  the  remnant  of  an 
earlier  creation  gradually  tends  to  its  final  extinction.  The  flora  is 
to  some  extent  analogous  to  that  in  the  coal  strata  below.  Upwards 
of  fifty  species  of  fossil  fishes  are  found  in  this  formation,  all 
belonging  to  genera  known  in  the  Carboniferous  epoch  ;  and  several 
saurian  reptiles,*  which  Owen  refers  to  a  higher  order  than  any  in  the 
subjacent  strata,  some  of  which  may  have  even  lived  ujwn  dry  land. 

At  the  close  of  the  Permian  period  all  the  Paleozoic  animals  dis- 
appeared, and  an  entirely  new  creation  followed  in  the  next  series, 
called  the  Trias,  consisting  of  red  marls,  rock-salt,  and  sandstones, 
which  have  been  produced  by  the  disintegration  of  mctamorphic 
slates  and  porphyritic  rocks,  and  are  known  as  the  trias,  or  new  red 
sandstone  formation ;  the  trias  lies  above  the  magnesian  limestone. 
Jn  England  this  formation  is  particularly  rich  in  rock-salt,  which, 
with  beds  of  gypsum  and  marl,  is  sometimes  600  feet  thick ;  but  the 
Muschelkalk,  a  peculiar  kind  of  shelly  limestone,  is  wanting,  whilst 
in  Germany  and  on  the  southern  declivity  of  the  Alps  it  is  re- 
markable for  the  quantity  of  its  organic  remains.  At  this  time 
creatures  like  frogs,  of  enormous  dimensions,  were  frequent,  as  they 
have  left  their  footsteps  on  what  must  then  have  been  a  soft  .sea- 
beach.     Numerous  genera  of  fossil  animals  have  been  found  in  the 


'  Saurian  reptiles  are  crocodiles,  lizards,  iguanas,  &c. 
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trias  in  Germany,  consisting  of  shells,  cartilaginous  fishes,  encrinites, 
&c.,  all  distinct  in  species,  and  many  in  genera,  from  those  of  the 
subjacent  magnesian  limestone,  and  also  from  those  entombed  in 
the  strata  above. 

During  a  long  period  of  tranquillity  the  Oolitic  or  Jurassic  group 
was  next  deposited  in  a  sea  of  variable  depth,  and  consists  of  sands, 
sandstones,  marls,  clays,  and  limestones.  At  this  time  there  was  a 
complete  change  in  the  aqueous  deposits  all  over  Europe.  The  red 
iron-stained  arenaceous  rocks,  the  black  coal,  and  dark  strata,  were 
succeeded  by  light-blue  clays,  pale-yellow  limestones,  and,  lastly, 
white  chalk.  The  water  that  deposited  these  strata  must  have  been 
highly  charged  with  carbonate  of  lime,  since  few  of  the  formations 
of  that  period  are  without  calcareous  matter,  and  calcareous  rocks 
were  formed  to  a  prodigious  extent  throughout  Europe :  the  Pyre- 
nees, Alps,  Apennines,  and  Balkan  abound  in  them ;  and  the  Jura 
mountains,  which  have  given  their  name  to  the  series,  are  chiefly 
formed  of  them.  The  European  ocean  then  teemed  with  animal  life ; 
whole  beds  consisting  almost  entirely  of  marine  shells  and  corals. 
I^lemnit«8  and  Ammonites,  from  an  inch  in  diameter  to  the  size  of 
a  cart-wheel,  are  entombed  by  myriads  in  the  strata ;  whole  forests 
of  that  beautiful  Encrinite,  the  stone-lily,  flourished  on  the  surface  of 
the  oolite,  then  under  the  waters ;  and  the  Pentacrinitc,  one  of 
the  same  family,  is  embedded  in  millions  in  the  lias,  which  occupies 
such  extensive  tracts  in  Europe.  Fossil  fishes  are  numerous  in  the 
oolitic  strata,  but  difl*erent  from  those  of  the  carboniferous,  permian, 
and  triassic  series.  The  newly-raised  islands  and  lands  were  clothed 
with  vegetation  like  that  of  the  lart^e  islands  of  the  intertropical 
archipelagos  of  the  present  day,  which,  though  less  rich  than  during 
the  carboniferous  period,  still  indicate  a  very  moist  and  warm  climate. 
Ferns  were  less  abundant ;  they  were  associated  with  various 
genera  and  species  of  the  cycadeae,  which  had  grown  on  the  southern 
coast  of  England,  and  in  other  parts  of  northern  Europe,  as  they 
now  do  with  the  cycas  and  zamia  of  the  tropics.  The  pandanus,  or 
screw-pine,  the  first  tenant  of  new  lands  in  ancient  and  modern  times, 
belongs  to  a  family  found  in  a  fossil  state  in  the  inferior  oolite  of 
England,  which  was  but  just  rising  from  the  deep  at  that  time.  The 
species  now  flourishing  grows  only  on  the  coasts  of  such  coral  islands 
in  the  l*acific  as  have  recently  emerged  from  the  waves.  In  the  upper 
strata  of  this  group,  however,  the  confervje  and  monocotyledonous 
plants  *  become  more  rare — an  indication  of  a  change  of  climate. 

llie  new  lands  that  were  scattered  above  the  ocean  of  the  oolitic 


*  Conferrae  are  plants  with  nearly  imperceptible  fructification,  found  in 
ponds,  damp  pLices,  and  in  the  sea.  Monocotyledonous  plants  are  grasses, 
palms,  &c  &c.,  so  called  from  having  only  one  seed-lobe. 
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period  were  drained  by  rivers,  and  inhabited  by  crocodiles  and  other 
saurians  of  gigantic  size,  mostly  of  extinct  genera.  A  recent  dis- 
covery has  also  shown  that  birds  of  a  primitive  type  existed  at  this 
epoch.  The  remains  of  a  strange  form,  named  Archeopteryx,  were 
first  found  in  1861,  in  the  lithographic  slate  of  Solenhofen ;  subse- 
quently a  nearly  perfect  skeleton  was  discovered  and  obtained  for 
the  collection  of  the  British  Museum,  llie  chief  peculiarity  of  this 
early  form  of  bird  is  that  the  tail  is  elongated  as  in  lizards,  con- 
sisting of  20  vertebrae,  with  feathers  on  each  side  along  the  whole 
length,  one  pair  to  each  vertebra.  The  crocodiles  of  the  oolitic 
period  come  nearest  to  living  reptiles;  but  the  others,  though 
bearing  a  similitude  in  general  structure  to  recent  forms,  were  quite 
anomalous,  combining  in  one  the  structure  of  various  distinct 
creatures,  and  so  monstrous  that  they  must  have  been  more  like 
the  visions  of  a  troubled  dream  than  things  of  real  existence ;  yet 
in  organisation  a  few  of  them  came  nearer  to  the  type  of  living 
mammalia  than  any  existing  reptiles  do.  Some  of  these  had  lived 
in  rivers^  others  in  the  ocean — some  were  inhabitants  of  the  land, 
others  were  amphibious ;  and  the  several  species  of  one  genus  even 
had  wings  like  a  bat,  and  fed  on  insects.  There  were  both  herbi- 
vorous and  predaceous  saurians ;  and  from  their  size  and  strength 
they  must  have  been  formidable  enemies  to  their  neighbours.  Be- 
sides, the  numbers  deposited  are  so  great,  especially  in  the  lias,  a 
marine  formation  of  clay  and  limestone,  which  forms  the  lowest 
portion  of  the  oolitic  series,  that  they  must  have  swarmed  for  ages 
in  the  estuaries  and  shallow  seas  of  the  period.  They  gradually 
diminished  in  number  towards  the  end  of  the  secondary  fossiliferous 
epoch ;  but  as  a  class  they  lived  in  all  subsequent  eras,  and  some, 
as  the  crocodiles,  still  exist  in  tropical  countries,  although  the 
species  are  very  different  from  their  ancient  congeners.  Tortoises 
of  various  kinds — also  a  family  that  still  exists — were  contemporary 
with  the  saurians.  In  the  Stonefield  slate,  a  stratum  of  the  oolitic 
group,  there  are  the  remains  of  insects,  and  the  bones  of  four  small 
quadrupeds  have  been  found  there  belonging  to  the  marsupial  tribe,* 
like  the  opossum — a  very  remarkable  circumstance,  not  only  as 
being  the  most  ancient  animal  of  the  class  of  mammalia,  but  because 
that  family  of  animals  at  the  present  time  is  confined  to  Australia, 
the  two  Americas,  as  far  north  as  Pennsylvania— and  higher  up  in 
the  oolitic  series,  in  the  Purbeck  beds  of  Dorsetshire,  as  many  as 
fourteen  species  of  predaceous  and  insectivorous  mammalia,  allied 
to  the  beautiful  kangaroo-rat  of  Australia.    The  great  changes  in 


*  Marsupial  aDimals  have  pouches  in  which  their  young  take  refuge  and 
are  nourished  till  they  attain  a  certain  development.  The  opossum  and 
kangaroo  are  marsupials. 
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animal  life  are  indications  of  the  successive  alterations  that  had 
taken  place  during  this  period  on  the  earth*s  surface. 

The  cretaceous  strata  follow  the  oolite  in  the  ascending  order, 
consisting  of  clays,  green  and  iron  sands,  blue  limestone,  and  chalk, 
probably  formed  of  the  debris  of  coral  and  shells,  which  predomi- 
nates so  much  in  England  and  other  parts  of  Europe  that  it  has 
given  the  name  and  its  peculiar  feature  to  the  whole  group.  It  is, 
however,  by  no  means  universally  distributed ;  the  chalk  is  wantinor 
in  many  parts  of  the  world  where  the  other  strata  of  this  series 
prevail,  and  then  their  connection  with  the  group  can  only  be  ascer- 
tained by  the  identity  of  their  fossil  remains.  With  the  exception 
of  some  beds  of  coal  in  the  oolitic  series,  the  Wealden  clay,  the  lowest 
of  the  cretaceous  group  in  England,  is  the  only  fresh-water  forma- 
tion, and  the  tropical  character  of  its  flora  shows  that  the  climate 
was  still  very  warm.  Plants  allied  to  the  zamias  and  cycadeae  of 
our  tropical  regions,  many  ferns  and  conifers  of  the  genus  araucaria, 
characterised  its  vegetation.  It  was  inhabited  by  tortoises  approach- 
ing to  forms  that  now  live  in  warm  countries,  and  saurian  reptiles 
of  several  different  genera  swarmed  in  the  lakes  and  estuaries. 
This  clay  contains  fresh- water  shells  aud  fish  of  the  carp  kind. 

The  cretaceous  strata  above  our  Wealden  clay  are  full  of  marine 
remains.  There  are  vast  tracts  of  sand  in  Northern  Europe,  and 
many  very  extensive  tracts  of  chalk ;  but  in  the  southern  part  of 
the  Continent  the  cretaceous  rocks  assume  a  different  mineralogical 
character.  There  and  elsewhere  extensive  limestone  rocks,  filled 
with  very  peculiar  shells,  show  that,  when  the  cretaceous  strata  were 
forming,  an  ocean  extended  from  the  Atlantic  into  Asia,  which 
covered  the  south  of  France,  all  southern  Europe,  part  of  Syria, 
the  isles  of  the  ^gean  Sea,  the  coasts  of  Thrace  and  the  Troad. 
The  remains  of  turtles  have  been  found  in  the  cretaceous  group, 
quantities  of  coral,  and  abundance  of  shells  of  extinct  species; 
some  of  the  most  minute  species  of  microscopic  shells,  or  Foramini- 
fera,  which  constitute  a  large  portion  of  the  chalk,  have  great 
analogy  with  creatures  now  alive,  the  GlobigerinsB,  forming  the  first 
approach  to  an  identity  of  species  in  the  ancient  and  modem  creation. 
An  approximation  to  recent  modes  of  distribution  is  to  be  observed 
alao  in  the  arrangement  of  organised  nature,  since  at  this  early 
period,  and  even  in  the  Silurian  and  oolitic  epochs,  the  marine  fauna 
was  divided,  as  now,  into  distinct  geographical  provinces.  The 
great  saurians  were  on  the  decline,  and  many  of  them  were  found 
no  more,  but  a  gigantic  creature,  allied  to  the  monitor  and  iguana,^ 
lived  at  this  period.  From  the  trias  to  the  chalk  inclusive  only  two 
instances  of  fossil  birds,  besides  the  Archeopteryx,  are  cited,  one  in 


^  The  monitor  and  iguana,  creatures  of  the  lizard  tribe,  still  existing. 
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a  chalk  deposit  in  the  Swiss  Alps,  and  the  other,  a  kind  of  albatross, 
in  the  chalk  of  England ;  in  North  America,  however,  foot-marks 
of  a  variety  of  birds  have  been  found  in  the  strata  between  the  coal 
and  lias,  some  of  which  are  larger  than  those  of  the  ostrich. 

It  was  formerly  supposed  that  a  great  geological  cycle  had  elapsed 
between  the  termination  of  the  secondary  fossiliferoos  strata  and 
the  beginning  of  the  tertiary,  but  later  researches,  especially  of 
Sir  R.  Murchison,  have  shown  that  the  break  was  not  so  extensive 
as  had  been  supposed,  and  that  passages  from  the  chalk  to  the 
lower  tertiary  beds  were  by  no  means  unfrequent  along  the  southern 
declivity  of  the  Alps  through  the  well-known  beds  of  the  nummu- 
litic  series.  With  the  tertiary,  however,  a  new  order  of  things 
may  be  said  to  commence,  approaching  more  closely  to  the  actual 
state  of  our  globe.  During  the  tertiary  period  the  same  causes 
under  new  circumstances  produced  an  infinite  variety  in  the  order 
and  nature  of  the  strata,  accompanied  by  a  corresponding  change 
in  animal  and  vegetable  life.  The  old  creation,  which  had  little 
in  common  with  the  existing  order  of  things,  had  passed  away,  and 
given  place  to  one  more  nearly  approaching  to  that  which  now 
prevails.  Among  the  myriads  of  beings  that  inhabited  the  earth 
and  the  ocean  during  the  secondary  fossiliferous  epoch  scarcely  one 
species  is  to  be  found  in  the  tertiary.  This  break  in  the  law  of  con- 
tinuity is  the  more  remarkable,  as  hitherto  some  of  the  newly- 
created  animals  were  generally  introduced  before  the  older  were 
extinguished.  The  circumstances  and  climate  suited  to  the  one 
became  more  and  more  unfit  for  the  other,  which  consequently 
perished  gradually,  while  their  successors  increased.* 

The  series  of  rocks,  from  the  granite  to  the  end  of  the  secondary 
fossiliferous  strata,  taken  as  a  whole,  constitute  the  solid  crust  of 
the  globe,  and  in  that  sense  are  universally  diflfused  over  the  earth's 
surface.  l*he  tertiary  strata  for  the  most  part  occupy  the  hollows 
formed  in  this  crust,  whether  by  subterraneous  movements,  by 
lakes,  or  denudation  by  water  as  in  the  estuaries  of  rivers,  and 
consequently  occur  in  irregular  tracts,  often,  however,  of  very  great 
thickness  and  extent. 

The  innumerable  basins  and  hollows  with  which  the  continents 
and  larger  islands  had  been  indented  for  ages  after  the  tenni nation 
of  the  secondary  series  had  sometimes  been  fresh-water  lakes,  and 
at  other  times  inundated  by  the  sea ;  consequently,  the  deposits 
which  took  place  during  these  alternate  changes  contain  the  spoils 
of  both  terrestrial  and  marine  animals.   The  frequent  intrusion  of  vol- 


'  A  break,  iD  no  degree  less  remarkable  than  that  between  the  chalk  and 
the  tertiary  strata,  exists  at  the  base  of  the  secondary  series,  between  the 
Permian  and  the  Triassic  series. 
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canic  strata  among  the  tertiary  strata  shows  that,  in  Europe,  the 
earth  had  been  in  a  very  disturbed  state,  and  that  these  repeated 
vicissitudes  had  been  occasioned  by  elevations  and  depressions  of 
the  soil,  as  well  as  by  the  action  of  water. 

There  are  three  distinct  groups  in  these  strata ;  the  lowest  ter- 
tiary or  Eocene  group,  so  called  by  Sir  Charles  Lyell,  because, 
among  the  myriads  of  fossil  shell-fish  which  it  contains,  very  few 
are  identical  with  those  now  living ;  the  Miocene,  or  middle  group, 
has  a  greater  number  of  the  exuviaa  of  existing  species  of  shells ; 
and  the  Pliocene,  or  upper  tertiary  group,  a  still  larger  proportion. 
Though  frequently  heaved  up  to  great  elevations  on  the  flanks  of 
the  mountain-chains,  as,  for  example,  in  the  Alps  and  Apennines, 
often  assuming  a  vertical  stratification,  a  part  of  the  tertiary  strata 
maintain  their  original  horizontal  position  in  the  places  where  they 
were  deposited.  Immense  insulated  deposits  of  this  kind  are  to  be 
met  witii  all  over  the  world ;  Europe  abounds  with  them ;  London, 
Paris,  Rome,  and  Vienna  stand  on  such  strata;  and  they  cover 
immense  tracts  both  in  North  and  South  America. 

The  gigantic  reptiles  had  mostly  disappeared,  and  mammalia,  of 
forms  scarcely  less  anomalous,  though  approaching  more  nearly  to 
animals  dow  living,  took  possession  of  the  earth. 

Numerous  species  of  extinct  animals,  of  the  order  of  Pachyder- 
mata,'  that  lived  during  the  earliest  or  Eocene  period,  and  to  the 
greater  nimiber  of  which  we  have  nothing  analogous,  have  been 
found  in  various  parts  of  the  world,  especially  in  the  Paris  basin  ; 
they  were  mostly  herbivorous  quadrupeds,  which  frequented  the 
borders  of  the  rivers  and  lakes  that  covered  the  greater  part  of 
Europe  at  that  time.  This  is  the  more  extraordinary,  as  existing 
animals  most  similar  to  them,  the  tapirs  for  instance,  are  confined 
to  the  tropical  countries.  These  creatures  were  widely  diffused,  and 
some  of  them  were  associated  with  genera  still  existing,  though  of 
totally  different  species ;  such  as  animals  allied  to  the  racoon  and 
dormouse,  the  ox,  bear,  deer,  the  fox,  the  dog,  &c.,  &c.  Although 
these  quadrupeds  differ  from  those  of  the  present  day,  the  same 
proportion  existed  then  as  now  between  the  carnivorous  and  herbi- 
vorous genera.  Remains  of  marine  mammalia '  of  this  period  have 
also  been  found,  sometimes  at  great  elevations  above  the  sea,  all  of 
extinct  species ;  some  of  these  cetacea  were  of  huge  size.  This 
marvellous  change  in  the  living  creation  was  not  confined  to  the 
earth  and  the  ocean ;  the  air  also  was  now  occupied  by  many  ex- 


^  Pachydermata,  thicknikinned  animals,  as  the  rhinoceros,  hog,  elephant, 
tapir,  and  hippopotamus. 

•  Marine  mammalia,  which  suckle  their  young  like  land  animals^  are 
Mftb,  walruses,  whales,  porpoises,  &c. 

C  2 
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tinct  races  of  birds  allied  to  the  owl,  buzzard,  quail,  curlew,  &c. 
The  climate  must  still  have  been  warmer  than  at  present,  from  the 
remains  of  land  and  sea  plants  allied  to  those  now  growing  in 
equatorial  latitudes.  Even  in  England  bones  of  the  opossum, 
monkey,  crocodile,  and  boa  have  been  discovered,  animals  of  warmer 
latitudes,  beside  a  sword  and  saw  fish,  both  genera  at  present  foreign 
to  the  British  seas. 

During  the  Miocene  period  new  amphibious  quadrupeds  were 
associated  with  the  old,  of  which  the  Dinotherium  is  the  most 
remarkable,  and  one  of  the  largest  of  the  mammalia  yet  found,  of  a 
singular  form,  and  surpassing  the  elephant  in  size. 

The  Palssotherium  belonged  to  this  period,  and  also  the  huge 
Mastodon.  Yarious  families,  and  even  genera,  though  no  species, 
of  quadrupeds  now  existing  were  associated  with  these  extraordi- 
nary creatures,  such  as  the  elephant,  rhinoceros,  hippopotamus, 
tapir,  horse,  bear,  wolf,  hyasna,  weasel,  beaver,  ox,  buffalo,  deer, 
&c ;  and  also  marine  mammalia,  as  seals,  dolphins,  walruses,  and 
lamantins.  Indeed,  in  the  constant  increase  of  animal  life  mani- 
fested throughout  the  whole  of  the  tertiary  strata,  the  forms 
approach  nearer  to  the  living  ones  the  higher  their  remains  lie  in 
the  series. 

In  the  older  Pliocene  period  some  of  the  large  amphibious  quad- 
rupeds, and  other  genera  of  mammalia  of  the  earlier  tertiary  periods, 
cease  to  appear ;  but  there  we  find  the  mastodon,  and  the  Elephas 
primigenius  or  mammoth,  besides  other  species  of  elephant,  of  pro- 
digious size,  which  were  associated  with  numerous  quadrupeds  of 
existing  genera,  but  lost  species.  Extinct  species  of  many  genera 
of  quadrupeds,  now  living,  inhabited  the  earth  at  that  time ;  their 
bones  have  been  discovered  in  caverns,  enveloped  in  calcareous 
breccia  or  embedded  in  most  of  the  strata  of  the  epoch — as  the 
hippopotamus,  rhinoceros,  elephant,  horse,  bear,  wolf,  water-rat, 
hyaena,  tiger,  and  several  birds.  It  is  remarkable  that  in  Australia 
the  fossil  bones  all  belong  to  gigantic  species  of  genera  of  kangaroos 
and  wombats,  animals  of  the  marsupial  family,  which  are  so  pecu- 
liarly the  inhabitants  of  that  country  at  the  present  day.  The 
newer  Pliocene  strata  show  that  the  same  analogy  existed  between 
the  extinct  and  recent  mammalia  of  South  America,  both,  with  few 
exceptions,  belonging  to  that  continent  alone;  for  the  fossil  re- 
mains, quite  dififerent  from  those  in  the  old  world,  are  of  animals  of 
the  same  families  with  the  sloths,  ant-eaters,  and  armadilloes  which 
now  inhabit  that  country,  but  of  vastly  superior  size.  In  fact, 
there  were  giants  in  the  land  in  those  days.  Were  changes  of 
species  admitted,  one  might  almost  fancy  that  these  countries  had 
escaped  the  wreck  of  time,  and  that  their  inhabitants  had  dwindled 
under  the  change  of  circumstances.    The  megatherium  and  Equus 


Chap.  L         OUTLINE  OP  GEOLOGY.  21 

curvidens,  or  extinct  horse,  had  so  vast  a  range  in  America,  that, 
while  Sir  Charles  Lyell  collected  their  bones  in  Georgia  in  33°  N. 
latitude,  Mr.  Darwin  brought  them  from  the  corresponding  latitude 
in  South  America.  The  Equus  curvidens  differed  as  much  from 
the  living  horse  as  the  quagga  or  zebra  does,  and  the  fossil  horse 
found  in  Europe  is  also  probably  a  distinct  and  lost  species. 

A  comparison  of  the  fossil  remains  with  the  living  forms  has 
shown  the  analogy  between  these  beings  of  the  ancient  world  and 
those  that  now  people  the  earth  ;  and  the  greatest  triumph  of  the 
naturalist  is  the  certainty  with  which  he  can  decide  upon  the 
nature  of  animals  that  have  been  extinct  for  thousands  of  years, 
from  a  few  bones  entombed  on  the  earth's  surface.  Cuvier  will 
ever  be  celebrated  as  the  founder  of  this  branch  of  comparative 
anatomy,  which  Professor  Owen,  in  our  own  country,  and  following 
in  his  steps,  has  so  much  extended.  Among  many  other  important 
discoveries,  he  has  found,  by  microscopic  observation,  that  the 
structure  of  the  tissue  of  which  teeth  are  formed  is  different  in 
different  classes  of  animals,  and  that  the  species  can  in  many  in- 
stances be  determined  from  the  fragment  of  a  tooth.  A  small 
portion  of  a  bone  enabled  him  to  decide  on  the  nature  of  the  extinct 
race  of  gigantic  birds  which  formerly  inhabited  New  Zealand,  and 
the  subsequent  discovery  of  the  entire  skeleton  confirmed  the 
accuracy  of  this  determination. 

The  greater  part  of  the  continents  in  the  northern  hemisphere 
was  elevated  above  the  deep  during  the  tertiary  jieriod,  and  such 
lands  as  already  existed  acquired  additional  height ;  consequently 
the  climate,  which  had  previously  been  warm  and  equable,  became 
gradually  colder,  for  an  increase  of  land,  which  raises  the  tempera* 
ture  between  the  tropics,  has  exactly  the  contrary  effect  in  higher 
latitudes.  To  this  cause,  and  especially  to  the  increase  of  land  in 
and  near  the  arctic  circle,  may  be  attributed,  perhaps,  the  greater 
degree  of  cold  that  appears  to  have  prevailed  during  the  latter  part 
of  the  Pliocene  period,  when  a  large  extent  of  the  European  con- 
tinent was  covered  by  an  ocean  full  of  floating  ice,  not  unlike  that 
seen  at  this  day  off  the  north-eastern  coast  of  America.* 

During  the  latter  port  of  the  Pliocene  period,  however,  the  bed  of 
that  glacial  ocean  rose  partially,  and  after  many  vicissitudes  the 
European  continent  assumed  nearly  its  present  form.     There  is 


'  If  a  line  be  drawn  from  the  north-eastern  coast  of  North  America  within 
the  limit  of  floating  ice,  and  if  it  be  continued  across  the  southern  half  of 
Ireland  and  England,  and  prolonged  eastward  so  as  to  strike  against  the 
Ural  mountains,  it  will  mark  the  boundary  of  the  European  portion  of  the 
Glacial  Sea.  It  submerged  part  of  Russia  to  the  depth  of  1000  feet. — 
Essay  on  the  British  Fauna  and  Flora,  by  Professor  £.  Forbes,  in  the 
'  Memoirs  of  the  Geological  Survey  of  Great  Britain,'  vol.  i. 
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every  reason  to  believe  that  the  glacial  sea  extended  also  over  great 
portions  of  the  arctic  lands  of  Asia  and  America.  Old  forms  of 
animal  and  vegetable  life  were  destroyed  by  these  alterations  in  the 
surface  of  the  earth,  and  the  consequent  change  of  temperature; 
and  when,  in  the  progress  of  the  Pliocene  period,  the  mountain-tops 
appeared  as  islands  above  the  water,  they  were  clothed  with  the 
flora  and  peopled  by  the  animals  they  still  retain  ;  and  new  forms 
w^ere  added  as  the  land  rose  and  became  dry  and  fitted  to  receive 
and  maintain  the  races  of  animals  now  alive,  all  of  which  had 
possession  of  the  earth  for  ages  prior  to  the  commonly  received 
historical  or  human  period.  Some  of  the  extinct  animals  had  long 
resisted  the  great  vicissitudes  of  the  times ;  of  these  the  species  of 
Elephant  whose  remains  are  found  all  over  Europe,  AsitL,  and 
America,  but  especially  in  the  frozen  soil  of  Siberia,  alone  outlived 
its  associates,  the  last  remnant  of  a  former  world.  In  two  or  three 
instances  this  animal  has  been  discovered  entire,  entombed  in 
frozen  mud,  with  its  hair  and  flesh  so  fresh  that  wolves  and  dogs 
fed  upon  it.  The  globe  of  the  eye  of  one  found  by  M.  Middendorf 
at  Tas,  between  the  rivers  Oby  and  Jenesei,  was  so  perfect  that  it 
is  now  preserved  in  the  museum  at  Moscow.  It  has  been  supposed 
that,  as  the  Siberian  rivers  flow  for  himdreds  of  miles  from  the 
southern  part  of  the  country  to  the  Arctic  Ocean,  these  elephants 
might  have  been  drowned  by  floods  while  browsing  in  the  milder 
regions,  and  that  their  bodies  were  carried  down  by  the  rivers  and 
embedded  in  mud,  and  frozen  before  they  had  time  to  decay.  Mr. 
Darwin  has  suggested  that,  if  the  climate  of  Siberia  has  at  any 
time  been  similar  to  that  of  the  high  latitudes  of  South  America, 
where  the  line  of  perpetual  snow  in  the  Andes,  and  its  sudden 
flexure  in  Southern  Chile,  come  close  to  a  nearly  tropical  vegeta- 
tion, such  a  vegetation  may  have  prevailed  south  of  the  frozen 
regions  in  Siberia.  On  the  other  hand,  although  the  living  species 
of  this  animal  are  now  inhabitants  of  the  torrid  zone,  they  may 
have  been  able  to  endure  the  cold  of  a  Siberian  winter ;  for  Cuvier 
has  shown  that  the  fossil  differed  as  much  from  the  living  elephant 
as  the  horse  docs  from  the  ass.  Mr.  Darwin  supposes  that  the 
supply  of  food  in  summer  was  probably  sufficient,  since  the  quan- 
tity requisite  for  the  maintenance  of  the  larger  animals  is  by  no 
means  in  proportion  to  their  bulk;  or  these  elephants  may  have 
migrated  to  a  more  genial  climate  in  the  colder  months. 

Shell-fish  seem  to  have  been  more  able  to  endure  all  the  great 
geological  changes  than  any  of  their  organic  associates,  but  they 
show  a  constant  approximation  to  modem  forms  during  the  progress 
of  the  tertiary  period.  The  whole  of  these  strata  contain  enormous 
quantities  of  shells  of  extinct  species ;  in  the  oldest,  3i  per  cent,  of 
the  shells  are  identical  with  species  now  existing,  while  in  the 
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uppennost  strata  of  this  great  geological  period  there  are  not  less 
than  from  80  to  95  in  100  identical  with  those  now  livin?  in  the 
surrounding  seas.* 

Of  all  the  fossil  fishes,  from  the  uppermost  Silurian  strata  to  the 
end  of  the  tertiary,  scarcely  one  is  specifically  the  same  with  living 
forms.     In  the  Eocene  strata  one-third  belong  to  extinct  genera. 

Under  the  vegetable  mould  in  every  country  there  is  a  mass  of 
loose  sand,  gravel,  and  mud,  called  alluvium,  lying  upon  the  sub- 
jacent rocks,  often  of  great  thickness,  which  in  the  high  latitudes 
of  North  America  and  Europe  is  mixed  with  enormous  fragments 
of  rock,  sometimes  angular,  and  sometimes  rounded  and  water- 
worn,  which  have  been  transported  hundreds  of  miles  from  their 
origin.  It  is  known  as  the  Boulder  formation,  or  Northern  Drift : 
from  the  identity  of  its  rolled  masses  with  the  rocks  of  the  northern 
mountains,  they  evidently  have  been  derived  from  them,  and  their 
size  becomes  less  as  the  distance  increases.  In  Russia  there  are 
blocks  of  great  maj^nitude  that  have  been  carried  800  and  even 
1000  miles  in  a  south-eastern  direction  from  their  origin  in  the 
Scandinavian  range.  There  is  reason  to  believe  that  such  masses, 
enormous  as  they  are,  have  been  transported  by  icebergs,  and  de- 
posited when  the  northern  parts  of  the  continents  were  covered  by 
the  glacial  sea,  by  which  part  of  Russia  was  submerged  to  the 
depth  of  at  least  1000  feet.  The  same  process  is  now  in  progress 
in  the  high  southern  latitudes,  where  icebergs  have  been  met 
covered  with  fragments  of  rock  and  boulders.* 

The  last  manifestation  of  creative  power,  with  few  exceptions, 
differs  specifically  from  all  that  preceded  it ;  the  recent  strata  con- 
tain only  the  exuviae  of  animals  now  living,  often  mixed  with  the 
works  of  man. 

TTie  solid  earth  thus  tells  us  of  mountains  washed  down  into  the 
sea  with  their  forests  and  inhabitants ;  of  lands  raised  from  the 
bottom  of  the  ocean,  loaded  with  the  accumulated  spoils  of  cen- 
turies ;  of  torrents  of  water  and  torrents  of  fire.  In  the  ordinances 
of  the  heavens  no  voice  declares  a  beginning,  no  sign  points  to  an 
end  ;  in  the  bosom  of  the  earth,  however,  the  dawn  of  life  appears, 
the  time  is  obscurely  marked  when  the  first  living  things  moved  in 
the  waters,  when  the  first  plants  clothed  the  land.   There  we  see  that 


*  Accordiog  to  Sir  C.  Lyell,  the  Pliocene  deposits  of  England  (the  Nor- 
wich, Red,  and  Coralline  Crags)  contain  respectively,  and  in  the  descending 
order,  80,  57,  and  51  per  cent,  of  species  still  living,  most  of  which  belong 
to  the  British  seas. 

•  Sir  James  Ross  and  Captain  Wilkes  fell  in  with  icebergs  covered  with 
mnd  and  stones  in  the  antarctic  seas,  even  in  66°  5'  lat.  One  block  seen  by 
Sir  James  Ross  was  estimated  to  weigh  many  tons. 
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during  ages  of  tranquillity  the  solid  rock  was  forming  at  the  bottom 
of  the  ocean,  that  during  ages  it  was  tossed  and  riven  by  fire  and 
earthquake.  What  years  must  have  gone  by  since  that  ocean 
flowed  which  has  left  its  ripple-marks  on  the  sand,  now  a  solid 
mass  on  the  mountain — since  those  unknown  creatures  left  their 
foot-prints  on  the  shore,  now  fixed  by  time  on  the  rock  for  ever! 
— time,  which  man  measures  by  days  and  years,  nature  measures 
by  thousands  of  centuries. 

The  thickness  of  the  fossiliferous  strata  from  their  first  appear* 
ance  to  the  end  of  the  tertiary  formation  has  been  estimated  at  from 
seven  to  eight  miles ;  so  that  the  time  requisite  for  their  deposition 
must  have  been  immense.  Every  river  carries  down  mud,  sand,  or 
gravel,  to  the  sea :  the  Ganges  and  Brahmapootra  united  are  calcu* 
lated  to  bring  6,368,077,440  cubic  feet  of  solid  matter  every  hour 
into  the  Bay  of  Bengal,'  the  Indus  5,866,000,000,  and  the  Mississippi 
3,702,758,400 ;  yet,  notwithstanding  these  great  deposits,  the  Italian 
hydrographer  Manfredi  has  estimated  that,  if  the  sediment  of  all 
the  rivers  on  the  globe  were  spread  equally  over  the  bottom  of  the 
ocean,  it  would  require  1000  years  to  raise  its  bed  one  foot;  so  that 
at  that  rate  it  would  require  3,960,000  years  to  raise  the  bed  of  the 
ocean  alone  to  a  height  nearly  equal  to  the  thickness  of  the  fossili- 
ferous strata,  or  7^  miles,  not  taking  account  of  the  waste  of  the 
coasts  by  the  sea  itself:  but  if  the  whole  globe  be  considered, 
instead  of  the  bottom  of  the  sea  only,  the  time  would  be  nearly  four 
times  as  great,  even  supposing  as  much  alluvium  to  be  deposited 
uniformly  both  with  regard  to  time  and  place,  which  it  never  is. 
Besides,  in  various  places  the  strata  have  been  more  than  once 
carried  to  the  bottom  of  the  ocean,  and  again  raised  above  its  surface 
by  subterranean  fires  after  many  ages,  so  that  the  whole  period 
from  the  beginning  of  these  primary  fossiliferous  strata  to  the 
present  day  must  be  great  beyond  calculation.  These  great  periods 
of  time  correspond  wonderfully  with  the  gradual  increase  of  animal 
life  and  the  successive  creation  and  extinction  of  numberless  orders 
of  being,  and  with  the  incredible  quantity  of  organic  remains  buried 
in  the  crust  of  the  earth  in  every  country  on  the  face  of  the  globe. 

Every  great  geological  change  in  the  nature  of  the  strata  was 
accompanied  by  the  introduction  of  a  new  race  of  beings,  and  the 
gradual  extinction  of  those  previously  existing,  their  structure  and 
habits  being  no  longer  fitted  for  the  altered  circumstances  in  which 
these  changes  had  placed  them.  These  changes,  however,  were 
never  abrupt ;  and  it  may  be  observed  that  there  is  no  proof  of 


»  Lyell,  *  Principles  of  Geology,'  10th  Edition.,  vol.  I.,  pp.  458,  481 ; 
Tremenheere,  *  Journal  of  the  Royal  Geographical  Society,*  vol.  xxxril^ 
p.  70. 


Chap.  L  OUTLINE  OF  GEOLOGY.  26 

progressive  development  of  species  by  generation  from  a  low  to  a 
higher  organization,  for  animals  and  plants  of  high  organization 
appeared  among  the  earliest  of  their  kind,  yet  throughout  the 
whole  the  gradual  approach  to  existing  and  more  perfect  forms  is 
undoubted,  not  by  the  conversion  of  one  species  into  another,  but 
by  increasing  similarity  of  type. 

The  geographical  distribution  of  animated  beings  was  much  more 
extensive  in  the  ancient  seas  and  land  than  in  later  times.  In  very 
remote  ages  the  same  animal  inhabited  very  distant  parts  of  the 
sea ;  the  corallines  built  from  the  equator  to  within  10  or  15  de- 
grees of  the  poles ;  and  previous  to  the  formation  of  the  carboniferous 
strata  there  appears  to  have  been  even  a  greater  uniformity  in 
the  vegetable  than  in  the  animal  world,  though  Australia  had 
formed  even  then  a  peculiar  district,  supposing  the  coal  in  that 
country  to  be  of  the  same  age  as  in  Europe  and  America ;  but  as 
the  strata  became  more  varied,  8j)ecie8  were  less  widely  diffused. 
Some  of  the  saiuians  were  inhabitants  of  both  the  Old  and  New 
Worlds,  while  others  lived  in  the  latter  only.  During  the  tertiary 
period  the  animals  of  Australia  and  America  differed  nearly  as 
much  from  those  of  Europe  as  they  do  at  the  present  day.  The 
globe  was  then,  as  it  is  now,  divided  into  great  physical  regions, 
each  inhabited  by  peculiar  races  of  animals ;  and  even  the  different 
species  of  moUusca  of  the  same  sea  were  confined  to  certain  localities. 
Of  more  than  400  species  of  the  latter  which  inhabited  the  Atlantic 
Ocean  during  the  early  and  middle  parts  of  the  tertiary  period, 
little  more  than  a  fortieth  part  were  common  to  the  American  and 
European  coasts.  In  fact,  the  divisions  of  the  animal  and  vegetable 
creation  into  geographical  districts  had  been  in  the  latter  periods 
contemporaneous  with  the  rise  of  the  land,  each  portion  of  which, 
as  it  rose  above  the  deep,  had  been  clothed  with  a  vegetation  and 
peopled  with  creatures  suited  to  its  position  with  regard  to  the 
equator,  and  to  the  existing  circumstances  of  the  globe ;  and  the 
marine  creatures  had,  no  doubt,  been  divided  into  districts  at 
the  same  periods,  because  the  bed  of  the  ocean  had  been  subject  to 
similar  changes. 

ITie  quantity  of  fossil  remains  is  so  great  that,  with  the  excep- 
tion of  the  metals  and  some  of  the  primary  rocks,  probably  not  a 
particle  of  matter  exists  on  the  surface  of  the  earth  that  has  not  at 
some  time  formed  part  of  a  living  creature.  Since  the  commence- 
ment of  animated  existence,  zoophytes  have  built  coral  reefs  extend- 
ing hundreds  of  miles,  and  mountains  of  limestone  are  full  of  their 
remains  all  over  the  globe.  Mines  of  shells  are  worked  in  some 
countries  to  make  lime ;  ranges  of  hills  and  rocks,  many  hundred 
feet  thick,  are  almost  entirely  composed  of  them,  and  they  abound 
in  every  mountain-chain  throughout  the  earth.     The  prodigious 
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quantity  of  microscopic  shells  discovered  by  M.  Ehrenberg  is  still 
more  astonishing ;  some  not  larger  than  a  grain  of  sand  form  plains 
at  the  bottom  of  the  ocean  and  entire  mountains  above  its  surface ; 
a  great  portion  of  the  hills  of  San  Casciano,  and  of  other  tertiary 
districts  in  Tuscany,  consist  of  chambered  shells  so  minute  that 
Soldani  collected  10,454  from  one  ounce  of  stone.  Chalk  is  often 
almost  entirely  composed  of  them. 

The  facility  with  which  many  clays  and  slates  are  split  is  owing, 
in  some  instances,  to  layers  of  minute  shells.  Fossil  fishes  are 
found  in  all  parts  of  the  world,  and  in  all  the  fossiliferous  strata 
with  the  exception  of  some  of  the  lowest,  but  each  great  geological 
period  has  species  peculiar  to  itself. 

The  remains  of  the  great  saurians  are  innumerable ;  those  of  ex- 
tinct quadrupeds  are  very  numerous ;  but  there  is  no  circumstance 
in  the  whole  science  of  Palaeontology  more  remarkable  than  the 
multitudes  of  fossil  elephants  that  are  found  in  Siberia,  Their 
tusks  have  been  an  object  of  traffic  in  ivory  for  centuries,  and  in 
some  places  they  have  lain  in  such  prodicyous  quantities  that  the 
ground  is  tainted  with  the  smell  of  animal  matter.  Their  huge 
skeletons  are  found  from  the  frontier  of  Europe  through  all  Northern 
Asia  to  its  extreme  eastern  point,  and  from  the  foot  of  the  Altai 
Mountains  to  the  shores  of  the  Frozen  Ocean,  a  surface  equal  in 
extent  to  the  whole  of  Europe.  Some  islands  in  the  Arctic  Sea,  as, 
for  instance,  in  the  Lachow  group,  are  chiefly  composed  of  their 
remains,  mixed  with  the  bones  of  various  other  animals  of  extinct 
species.* 

Equally  wonderful  is  the  quantity  of  fossil  plants  that  still 
remain,  if  it  be  considered  that,  from  the  frail  nature  of  many 
vegetable  substances,  multitudes  must  have  perished  without  leaving 
a  trace  behind.  The  vegetation  that  covered  the  terrestrial  part 
of  the  globe  previous  to  the  formation  of  the  carboniferous  strata 
far  surpassed  in  exuberance  the  rankest  tropical  jungles  at  the 
present  day.  ITiere  are  many  coalfields  of  great  extent  in  various 
parts  of  the  earth,  especially  in  North  America,  where  that  of 
Pittsburg  occupies  an  area  of  about  14,000  square  miles,  and  that 
in  the  State  of  Illinois  is  not  much  inferior  to  the  area  of  all 
England. 

As  coal  is  entirely  a  vegetable  substance,  some  idea  may  be 
formed  of  the  richness  of  the  ancient  flora ;  in  later  times  it  was 
less  exuberant,  and  never  has  again  been  so  luxuriant,  probably  on 
account  of  the  decrease  of  temperature  during  the  deposition  of  the 
tertiary  strata,  and  in  the  glacial  period  which  immediately  pre- 
ceded the  creation  of  the  present  tribes  of  plants  and  animals. 


*  Lieut.  Anjou'g  *  Polar  Voyage.* 
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Even  after  their  introduction  the  temperature  must  have  been  very 
low,  but  by  subsequent  changes  in  the  distribution  of  the  sea  and 
land  the  cold  was  gradually  mitigated,  till  at  last  the  climate  of 
the  northern  hemisphere  became  what  it  now  is. 

Such  is  the  marvellous  history  laid  open  to  us  on  the  earth's 
surface.  Surely  it  is  not  the  heavens  only  that  declare  the  glory 
of  God — the  earth  also  proclaims  His  handiwork ! 

Of  late  years,  well-authenticated  discoveries  have  given  every 
reason  to  believe  that  a  race  of  mankind  peopled  various  parts  of 
Europe  during  the  post-pliocene  period,  and  were  coexistent  with 
the  animals  of  that  remote  geological  era.  About  twenty  years 
ago  M.  Boucher  de  Perthes  published  an  account  of  flint  weapons, 
evidently  the  work  of  man,  that  he  had  found  mixed  with  the 
bones  of  extinct  quadrupeds  in  an  excavation  near  Abbeville  in 
France,  a  circumstance  that  remained  unnoticed  till  subsequent 
discoveries  turned  the  attention  of  geologists  to  the  subject.  In 
1858  Dr.  Falconer  found  implements  of  human  workmanship  mixed 
with  the  bones  of  extinct  species  of  quadrupeds  in  a  cavern  at 
Brixham  in  Devonshire ;  and  during  the  year  1859  a  number  of 
flint  hatchets  mingled  with  the  bones  of  extinct  animals  were  dug 
up  by  geologists  in  a  post-pliocene  deposit  that  never  had  been 
disturbed  at  St.  Acheul  near  Amiens,  and  also  at  Abbeville.  Since 
then  numerous  other  discoveries  have  been  made  of  unpolished  stone 
implements,  buried  in  ancient  river  gravels,  and  in  the  mud  and 
stalagmite  of  caves,  and  associated  with  remains  of  the  mammoth, 
the  woolly-haired  rhinoceros,  the  hippopotamus,  the  musk  ox,  and 
many  other  quadrupeds  of  extinct  and  living  species.  The  river 
gravels  in  which  these  rude  implements  are  found  embedded  now 
lie  in  some  places  at  a  height  of  100  or  even  200  feet  above  the 
present  alluvial  plains ;  their  antiquity  must  be  measured  therefore 
by  the  time  required  for  the  existing  rivers  to  have  scooped  out 
their  valleys  to  this  depth,  since  they  were  entombed.  Still  more 
wonderful  is  the  discovery,  since  1864,  of  these  so-called  Palaeolithic 
implements  in  masses  of  drift,  capping  the  tertiary  strata  of  the 
southern  coast  of  Hampshire  and  the  opposite  eastern  side  of  the  Isle 
of  Wight.  Flint  tools,  exactly  resembling  those  of  Abbeville  and 
St.  Acheul  have  here  been  found  in  situations  which  show  that  not 
only  certain  valleys  on  the  Hampshire  coast,  but  even  the  channel 
of  the  Solent  must  have  been  scooped  out  since  man  inhabited  the 
district.  Remains  of  human  art,  in  the  shape  of  implements  made 
of  stone,  bone,  and  horn,  together  with  mammoth  tusks,  on  which 
rude  carvings  exist,  were  found  by  Messrs.  Lartet,  Christy,  and 
others,  in  the  caverns  of  Dordogne  in  central  France,  which  have 
been  decided  to  belong  to  a  more  modem  period  than  the  flint  imple- 
ments of  the  drift.   At  this  epoch  the  reindeer  abounded  in  the  S.  of 
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Franco,  implying  that  a  great  change  of  climate  has  since  taken 
place,  although  the  general  outlines  of  the  surface  of  the  country 
have  undergone  no  alteration. 

We  have  no  measure  for  such  remote  periods  of  time ;  no  certain 
date  can  be  assigned  for  man^s  creation;  but  chronologists  have 
long  come  to  the  conclusion  that  it  must  have  been  vastly  anterior 
to  the  historical  period.  fVom  the  age  of  Galileo  to  the  present 
day,  the  world  has  been  startled  from  time  to  time  by  the  results 
of  science ;  but  we  may  rest  assured  that  they  never  can  be  incon- 
sistent with  the  Scriptures,  though  they  frequently  have  been  with 
our  interpretation  of  thom. 
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CHAPTER    II. 


GENERAL  VIEW  OF   THE  CONTINENTS. 

§  1.  Direction  of  the  forces  that  raised  the  continents.  §  2.  Proportion  of 
land  and  water ;  size  of  the  continents  and  islands ;  outline  of  the  land. 
§  3.  Extent  of  coasts,  and  proportion  they  bear  to  the  areas  of  the  conti- 
nents. §  4.  Elevation  of  the  continents.  §  5.  Forms  of  mountains ; 
direction  of  the  chains  of  mountains.  §  6.  Connection  between  physical 
geography  of  countries  and  their  geological  structure ;  analogies  of  the 
form  and  contour  of  countries.  §  7.  Interruptions  in  continents  and 
mountain-chains ;  table-lands  and  plains. 

§  1.  At  the  end  of  the  tertiary  period  the  earth  was  much  in  the 
same  state  as  it  is  at  present  with  regard  to  the  distribution  of  land 
and  water.  The  preponderance  of  land  in  the  northern  hemisphere 
indicates  a  prodigious  accumulation  of  internal  energy  under  these 
Latitudes  at  a  very  remote  geological  period.  The  forces  that  raised 
the  two  great  continents  above  the  deep,  when  viewed  on  a  wide 
scale,  must  evidently  have  acted  at  right  angles  to  one  another, 
nearly  parallel  to  the  equator  in  the  old  continent,  and  in  the 
direction  of  the  meridian  in  the  new;  yet  the  structure  of  the 
opposite  coasts  of  the  Atlantic  points  at  some  connexion  between 
the  two. 

The  mountains,  from  their  rude  and  shattered  condition,  bear 
testimony  to  repeated  violent  convulsions  similar  to  modem  earth- 
quakes; while  the  high  table-lands,  and  that  succession  of  ter- 
races by  which  the  continents  sink  down  from  their  mountain 
ranges  to  the  plains,  to  the  ocean,  and  even  below  it,  indicate  also 
that  the  land  must  have  been  heaved  up  occasionally  by  slow  and 
gentle  pressure,  such  as  appears  now  to  be  gradually  elevating  the 
coast  of  Scandinavia  and  other  parts  of  the  earth.  The  periods  in 
which  these  majestic  operations  were  effected  must  have  been  in- 
calculable, since  the  dry  land  occupies  an  area  of  nearly  38,000,000 
of  square  miles. 

§  2.  The  ocean  covers  nearly  three-fourths  of  the  surface  of  the 
globe,  but  its  distribution  is  very  unequal,  whether  it  be  considered 
with  regard  to  the  northern  and  southern  hemispheres,  or  the 
eutem  and  western.    Independently  of  Victoria  Land  in  the  Arctic 
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regions,  whose  extent  is  unknown,  the  quantity  of  land  in  the 
northern  hemisphere  is  three  times  greater  than  in  the  southero. 
In  the  latter  it  occupies  only  one-sixteenth  of  the  space  between 
the  Antarctic  Circle  and  the  1 3th  parallel  of  south  latitude,  while 
between  the  corresponding  parallels  in  the  northern  hemisphere 
the  extent  of  land  and  water  is  nearly  equal.  If  the  globe  be 
divided  into  two  hemispheres,  so  that  the  centre  of  one  shall  be 
a  ix)int  midway  between  Pembroke  and  Wexford,  in  St.  George's 
Channel,  it  will  be  found  that  one  hemisphere  contains  as  much 
laud  as  water,  while  in  the  other  the  sea  exceeds  the  land  in  the 
proportion  of  nearly  8  to  1.  In  consequence  of  this  very  unequal 
arrangement  of  the  solid  and  liquid  ix)rtions  of  the  surface  of  the 
earth,  England  is  nearly  in  the  centre  of  the  greatest  mass  of  land, 
and  its  antipodes,  the  islands  of  New  Zealand,  are  in  the  centre  of 
the  greatest  mass  of  water.  In  fact,  only  one  thirteenth  of  the 
land  has  land  directly  opposite  to  it  in  the  opposite  hemisphere, 
and  under  the  equator  five-sixths  of  the  circumference  of  the  globe 
is  water.  It  must  however  be  observed  that  there  is  still  an  un- 
explored region  within  the  Antartic  circle  more  than  twice  the  sixe 
of  Europe ;  and  although  there  is  reason  to  believe  that  the  North 
Polar  basin  is  an  open  sea,  it  has  not  been  navigated.  With  regard 
to  the  land  alone,  the  old  continent  has  an  area  of  about  24,000,000 
square  miles,  while  the  extent  of  America  is  11,000,000,  and  that 
of  Australia  with  its  islands  scarcely  3,000,000.  Africa  is  more 
tlian  three  times  the  size  of  Europe,  and  Asia  is  more  than  four  times 
as  large.  The  extent  of  the  continents  is  23  times  greater  than  that 
of  all  the  islands  taken  together. 

The  north  polar  lands  are  now  well  known  to  a  high  latitude. 
Greenland,  the  domain  of  perpetual  snow,  is  probably  an  immense 
island ;  and  the  discovery,  by  Ross,  of  an  extensive  mass  of  high 
volcanic  land  near  the  south  pole  is  an  important  event  in  the 
history  of  physical  science,  though  the  stem  severity  of  the  cli- 
mate must  f<jr  ever  render  it  unfit  for  the  abode  of  animated  beings, 
or  even  for  the  supiwrt  of  vegetable  life.  It  seems  to  form  a  coun- 
ter} wise  to  the  preponderance  of  dry  land  in  the  northern  hemi- 
sphere. There  is  something  sublime  in  the  contemplation  of  these 
lofty  and  unapproachable  regions — the  awful  realm  of  ever-during 
ice  and  perpetual  fire,  whose  year  consists  of  one  day  and  one  night. 
The  strange  and  terrible  symmetry  in  the  nature  of  the  lands  within 
the  polar  circles,  whose  limits  are  to  us  a  blank,  where  the  antago- 
nist principles  of  cold  and  heat  meet  in  their  utmost  intensity,  fills 
the  mind  with  that  awe  which  arises  from  the  idea  of  the  unknown 
and  the  indefinite. 

The  tendency  of  the  land  to  assume  a  peninsular  form  is  very 
remarkable,  and  it  is  still  more  so  that  almost  all  the  peninsulas 
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trend  to  the  south — circumstances  that  depend  on  some  unknown 
cause  which  seems  to  have  acted  very  extensively.    The  continents 
of  South  America,  Africa,  and  Greenland  are  peninsulas  on  a  gigantic 
scale,  all  directed  to  the  south ;  the  peninsula  of  India,  the  Indo- 
Chinese  peninsula,  those  of  Korea,  Kamtchatka,  Florida,  California, 
and  Aliaska,  in  North  America,  as  well  as  the  European  peninsulas 
of  Norway  and  Sweden,  Spain  and  Portugal,  Italy  and  Greece, 
observe  the  same  direction.     All  the  latter  have  a  rounded  form 
except  Italy,  whereas  most  of  the  others  terminate  sharply,  espe- 
cially the  continents  of  South  America  and  Africa,  India  and  Green- 
land, which  have  the  pointed  form  of  wedges  ;  while  some  are  long 
and  narrow,  as  California,  Aliaska,  and  Malacca.     Many  of  the 
peninsulas  have  an  island  or  group  of  islands  at  their  extremity  ;  as 
South  America,  which  is  terminated  by  the  group  of  Tierra  del 
Fuego ;  India  has  Ceylon  ;  Malacca  has  Sumatra  and  Banca ;  the 
southern  extremity  of  Australia  ends  in  Tasmania  or  Van  Diemen's 
Land :  a  chain  of  islands  runs  from  the  end  of  the  peninsula  of 
Aliaska;  Greenland  has  a  group  of  islands  at  its  extremity;  and 
Sicily  lies  close  to  the  southern  termination  of  Italy.     It  has  been 
observed,  as  another  peculiarity  in  the  structure  of  peninsulas,  that 
they  generally  terminate  boldly,  in  bluffs,  promontories,  or  moun- 
tains, which  are  often  the  last  portions  of  the  continental  chains. 
South  America  terminates  in  Cape  Horn,  a  high  promontory,  which 
is  the  visible  termination  of  the  Andes ;  Africa  with  the  Cape  of 
Good  Hope ;  India  with  Cape  Comorin,  the  last  of  the  Ghauts ; 
Australia  ends  with  the  South-East  Cape  in  Tasmania ;  and  Green- 
land's extreme  southern  point  is  the  elevated  bluff  of  Cape  Farewell.* 
There  is  a  strong  analogy  between  South  America  and  Africa  in 
form  and  the  imbroken  mass  which  their  surface  presents,  while 
North  America  resembles  Europe  in  being  much  indented  by  inland 
sea-s,  gulfs,  and  bays.     Eastern  Asia  is  evidently  continued  in  a 
sul)aqueous  continent  from  the   Indian  Ocean  across  the   Pacific 
nearly  to  the  west  coast  of  America,  of  which  Australia,  the  Indian 
Archipelago,  the  islands  of  the  Asiatic  coast  and  of  Oceania,  are 
the  great  table-lands  and  summits  of  its  mountain-chains.     With 
the  exception  of  a  vast  peninsula  in  Siberia  between  the  mouths  of 
the  rivers  Yenissei  and  Khatanga,  and  the  unknown  regions  of 
Greenland,  the  two  great  continents  terminate  in  a  very  broken  line 
to  the  north ;  and  as  they  sink  beneath  the  Icy  Ocean,  the  tops 
of  their  high  lands  and  mountains  rise  above  the  waves,  and  stud 


*  This  very  general  view  of  the  structure  of  the  globe  originated  chiefly 
with  the  celebrated  German  geologist  Von  Buch,  and  has  been  much  ex- 
tended and  developed  hj  H.  £lie  de  Beaumont,  one  of  the  most  eminent  of 
modem  geologists. 
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the  coast  with  innumerable  snow-clad  rocks  and  islands.  The  70ih 
parallel  is  the  average  latitude  of  these  northern  shores,  which  have 
a  great  similarity  on  each  side  of  Behring  Strait  in  form,  direction, 
and  in  the  adjacent  islands. 

§  3.  U  he  peninsular  form  of  the  continents  adds  greatly  to  the 
extent  of  their  coasts,  of  such  importance  to  civilization  and  com- 
merce. All  the  shores  of  Europe  are  deeply  indented  and  penetrated 
by  the  Atlantic  Ocean,  which  has  formed  a  number  of  inland  8ea» 
of  great  magnitude,  so  that  it  has  a  greater  line  of  maritime  coast, 
compared  with  its  size,  than  any  other  quarter  of  the  world.  The 
extent  of  coast  from  the  Strait  of  Waigatz,  in  the  Polar  (^ean,  to 
the  Strait  of  Yenikal^,  at  the  entrance  of  the  Sea  of  Azof,  is  about 
17,000  miles.  The  coast  of  Asia  has  been  much  worn  by  currents, 
and  possibly  also  by  the  action  of  the  ocean  occasioned  by  the 
rotation  of  the  earth  from  W.  to  E.  On  the  S.  and  E.  especially  it 
is  indented  by  large  seas,  bays,  and  gulfs  ;  and  the  eastern  shores 
are  rugged  and  encompassed  by  chains  of  islands  which  render 
navigation  dangerous.  Its  maritime  coast  is  about  33,000  miles  in 
extent. 

The  coast  of  Africa,  16,000  miles  long,  is  very  little  broken, 
except,  perhaps,  at  the  Gulf  of  Guinea  and  in  the  Mediterranean. 
The  shores  of  North  America  have  probably  been  much  altered  by 
the  equatorial  current  and  the  Gulf-stream.  It  is  probable  that 
these  currents,  combined  with  volcanic  action,  have  hollowed  out 
the  Gulf  of  Mexico,  and  separated  the  Antilles  and  Bahama  Islands 
from  the  continent.  The  W.  coast  of  North  America  is  less  broken, 
but  on  the  Icy  Ocean  it  consists  of  a  labyrinth  of  gulfs,  bays,  and 
creeks.  The  shores  of  South  America  on  both  sides  arc  very  entire, 
except  towards  Southern  Chile  and  Cape  Horn,  where  the  tremen- 
dous surge  and  currents  of  the  Ocean  in  those  high  latitudes  have 
eaten  into  the  land,  and  produced  endless  sounds  and  fiords  which 
run  far  into  the  interior.  The  whole  continent  of  America  has 
a  sea-coast  of  31,000  miles  in  extent.  Thus  it  appears  that  the 
ratio  of  the  number  of  linear  miles  in  the  coast-line  to  the  nnmber 
of  square  miles  in  the  extent  of  surface,  in  each  of  these  great  por- 
tions of  the  globe,  is  164  for  Europe,  376  for  Asia,  530  for  Africa, 
and  359  for  America.  Hence  the  proportion  is  most  favourable  to 
Europe,  with  regard  to  civilization  and  commerce ;  America  comes 
next,  then  Asia,  and  last  of  all  Africa,  which  has  every  natnral 
obstacle  to  contend  with,  from  the  extent  and  nature  of  its  coasts, 
the  desert  character  of  much  of  the  interior  of  the  continent,  and 
the  insalubrity  of  its  chmate,  on  the  Atlantic  coast  at  least. 

§  4.  The  continents  had  been  raised  from  the  deep  by  a  powerful 
effort  of  the  internal  forces  acting  under  widely  extended  regions  ; 
and  the  stratified  crust  of  the  earth  either  remained  level,  rote  in 
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undulations,  or  sank  into  cavities,  according  to  its  intensity.  Some 
thinner  portions  of  the  earth's  surface,  giving  way  to  the  internal 
forces,  had  been  rent  into  deep  fissures ;  and  the  mountain  masses 
had  been  raised  by  violent  concussions,  perceptible  in  the  convulsed 
state  of  their  strata.  The  centres  of  maximum  energy  are  marked 
by  the  plutonic  rocks,'  which  generally  form  the  nucleus  or  axis  of 
the  mountain  masses,  on  whose  flanks  the  stratified  rocks  are  tilted 
at  all  angles  to  the  horizon,  whence,  declining  on  every  side,  they 
sink  to  various  depths,  or  stretch  to  various  distances  in  the  plains. 
Enormous  as  the  mountain-chains  and  table-lands  are,  and  pro- 
digious as  the  forces  that  elevated  them,  they  bear  a  very  small 
proportion  to  the  mass  of  the  level  continents  and  to  the  vast  power 
which  raised  them  even  to  their  inferior  altitude.  Both  the  high 
and  the  low  lands  have  been  elevated  at  successive  periods ;  some  of 
the  very  highest  mountain-chains  are  of  but  recent  geological  date ; 
and  some  chains  that  are  now  far  inland  once  stood  up  as  islands 
above  the  ocean,  while  marine  strata  filled  their  cavities  and  formed 
round  their  bases. 

§  5.  Notwithstanding  the  various  circumstances  of  their  eleva- 
tion, there  is  everywhere  a  certain  regularity  of  form  in  mountain 
masses,  however  unsymmetrical  they  may  appear  at  first  sight ; 
and  rocks  of  the  same  kind  have  identical  characters  in  every 
quarter  of  the  globe.  Plants  and  animals  vary  with  climate,  but  a 
granite  mountain  has  the  same  peculiarities  in  the  southern  as  in 
the  northern  hemisphere,  at  the  equator  as  near  the  poles.  Insu- 
lated mountains  are  rare,  and  are  generally  of  volcanic  origin. 
Mountains  generally  appear  in  groups  intersected  by  valleys  in 
every  direction,  and  more  frequently  in  extensive  chains  synmietri- 
eally  arranged  in  a  series  of  parallel  ridges,  sepamted  by  narrow 
longitudinal  valleys,  the  highest  and  most  rugged  of  which  occupy 
the  centre  ;  when  the  chain  is  broad,  and  of  the  first  order  in  point 
of  magnitude,  peak  after  peak  rises  in  endless  succession.  The 
lateral  ridges  and  valleys  are  constantly  of  less  elevation,  and  are 
less  bold  in  proportion  to  their  distance  from  the  central  mass,  till 
at  last  the  most  remote  ridges  sink  down  into  gentle  undulations. 
Extensive  and  lofty  branches  diverge  from  the  principal  chains  at 
various  angles,  and  stretch  far  into  the  plains,  'i  hey  are  often  as 
high  as  the  chains  from  which  they  spring,  and  it  happens  not 
onfrequently  that  these  branches  arc  imited  by  trausver.se  ridges, 
80  that  the  country  is  often  widely  covered  by  a  network  of  moun- 
tains; and  at  the  point  where  these  offsets  diverge  tliere  is  fre* 


*  Platonic  rocks  are  granite  and  others  which  owe  their  origin  to  fire  or 
igneous  action. 
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quently  a  knot  of  mountains  spreading  over  hundreds  of  square 
miles. 

One  side  of  a  mountain  range  is  usually  more  precipitous  than 
the  other,  but  there  is  nothing  in  which  the  imagination  mirieads 
the  judgment  more  than  in  estimating  the  steepness  of  a  decliyity. 
In  the  whole  range  of  the  Alps  there  is  not  a  single  rock  which  has 
1600  feet  of  perpendicular  height,  or  a  vertical  slope  of  90°.  The 
ileclivity  of  Mont  Blanc  towal^is  the  All^e  Blanche,  precipitous  as 
it  appears  to  be,  does  not  amount  to  45° ;  and  the  mean  inclination 
of  the  Peak  of  Teneriffe,  according  to  Humboldt,  is  only  12°  30*. 
llie  Silla  of  Caraccas,  which  rises  precipitously  from  the  Caribbean 
Sea,  at  an  angle  of  53°  28',  to  the  height  of  between  6000  and  7000 
feet,  is  a  majestic  instance  of,  perhaps,  the  nearest  approach  to  verti- 
cality  of  any  great  height  yet  known. 

The  circumstances  of  elevation  are  not  the  only  causes  of  that 
variety  observed  in  the  summits  of  mountains.  A  difference  in  the 
composition  and  internal  structure  of  a  rock  has  a  great  influence 
njxjn  its  general  form,  and  on  the  degree  and  manner  in  which  it  is 
worn  by  the  weather.  Thus  dolomite  assumes  generally  the  form 
of  high,  abrupt,  and  insulated  peaks ;  crystalline  schists  and  gneiss 
a.ssume  the  form  of  needles,  as  in  the  Alps ;  slates  and  quartziferoos 
schists  take  the  form  of  triangular  pyramids;  calcareous  rocks  a 
rounded  form,  or  that  of  table-lands  with  abrupt  declivities ;  ser^ 
])entine  and  trachyte  are  often  of  a  dome  form  ;  phonolites  assume 
a  pyramidal  one ;  dark  walls,  like  those  in  Greenland,  and  of  some 
of  our  Western  Islands  of  Scotland,  are  of  trap  and  basalt ;  and 
volcanoes  are  indicated  by  blunt  cones  and  craters.  Thus  the  moun* 
tain-peaks  often  indicate  by  their  form  their  geological  structure. 

§  6.  Viewing  things  on  a  broad  scale,  it  appears  that  there  is  also  a 
very  striking  connexion  between  the  physical  geography  or  external 
aspect  of  different  countries  and  their  geological  structure.  By  a 
minute  comparison  of  the  different  parts  of  the  land,  M.  Bou^  has 
shown  that  similarity  of  outward  forms,  while  indicating  similarity 
in  the  producing  causes,  must  also  to  a  large  extent  indicate  identity 
of  structure ;  and  therefore,  from  the  external  appearance  of  an 
unexplored  country,  its  geological  nature  may  be  inferred,  at  least 
to  a  certain  extent.  ITiis  he  illustrates  by  pointing  out  a  corre- 
spondence, even  in  their  most  minute  details,  between  the  leading 
features  of  Asia  and  Europe,  and  the  identity  of  their  geological 
structure.  It  has  been  justly  observed  that,  when  the  windings 
of  our  continents  and  seas  are  narrowly  examined,  and  the  more 
essential  peculiarities  of  their  contours  contemplated,  it  is  evident 
that  Nature  has  not  wrought  after  an  indefinite  number  of  types  or 
models,  but  that,  on  the  contrary,  her  fundamental  types  are  very 
low,  and  derived  from  the  action  of  definite  constructive  forces  on 
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a  primary  base.^  The  whole  of  our  land  and  sea,  in  fact,  may  be 
decomposed  into  a  less  or  greater  number  of  masses,  either  exhibiting 
all  these  fundamental  forms  or  merely  a  portion  of  them.  The 
peninsular  structure  of  the  continents,  with  their  accompanying 
islands,  is  a  striking  illustration  of  the  truth  of  this  remark,  and 
many  more  might  be  adduced.  It  follows,  as  a  consequence  of  that 
law  in  Nature's  operations,  that  analogy  of  form  and  contour  throws 
the  greatest  light  on  the  constitution  of  countries  far  removed  from 
each  other.  Even  the  picturesque  descriptions  of  a  traveller  often 
afiford  information  of  which  he  may  be  little  aware. 

f  7.  Continents  and  mountain-chains  are  often  interrupted  by 
posterior  geological  changes,  such  as  clefts  and  cavities  formed  by 
erosion,  as  evidently  appears  from  the  correspondence  of  the  strata. 
The  chalk  cliffs  on  the  opposite  sides  of  the  British  Channel  show 
that  Britain  was  at  one  time  united  to  the  continent ;  the  formation 
of  the  Orkneys  and  of  the  N.  of  Ireland  are  the  same  with  that  of 
the  Highlands  of  Scotland ;  so  are  those  on  each  side  of  the  Strait 
of  Oibraltar :  that  of  Turkey  in  Europe  passes  into  Asia  Minor,  the 
Crimea  into  the  Caucasus ;  a  volcanic  region  bounds  the  Strait  of 
Babelmandeb  on  both  sides,  and  Behring  Strait  divides  the  strata 
of  a  similar  age  in  the  two  great  continents.  Such  is  also  particu- 
larly the  case  with  coast  islands. 

Immediately  connected  with  the  mountains  are  the  high  table- 
lands which  form  so  conspicuous  a  feature  in  the  Asiatic  and 
American  continents.  These  perpetual  storehouses  of  the  waters 
send  their  streams  to  refresh  the  plains,  and  to  afford  a  highway 
between  nations.  Table-lands  of  less  elevation,  sinking  in  terraces 
<^  lower  and  lower  level,  constitute  the  links  between  the  high 
ground  and  the  low,  the  mountains  and  the  plains,  and  thus  main- 
tain the  continuity  of  the  land.  They  frequently  are  of  the  richest 
soil,  and  enjoy  the  most  genial  climate,  affording  a  delightful  and 
picturesque  abode  to  man,  though  the  plains  are  his  principal 
dwelling.  Sloping  imperceptibly  from  the  base  of  the  inferior 
table-lands,  or  from  the  last  undulations  of  the  mountains,  to  the 
ocean,  the  plains  carry  off  the  superfluous  waters.  Fruitfulness 
and  sterility  vary  their  aspect :  immense  tracts  of  the  richest  soil 
are  favoured  by  climate  and  hardly  require  culture;  a  greater 
portion  is  only  rendered  productive  by  hard  labour,  compelling 
man  to  fulfil  his  destiny ;  while  vast  regions  are  doomed  to  per- 
petual barrenness,  never  gladdened  by  a  shower. 

»  M.  Bou^. 
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CHAPTER    III. 

HIGH  LANDS  OF  THE  GREAT  CONTINENT. 

§  1.  Form  of  the  Great  Continent.  §  2.  The  Atlas,  Spanish,  Frendi,  lad 
German  mountains.  §  3.  The  Alps,  Balkan,  and  Apennines,  f  4 
Glaciers.     §  5.  Geological  notice. 


§  1.  The  form  of  the  great  continent  has  been  detennined  by 
immense  zone  of  mountains  and  table-land,  lying  between  the  30ik 
and  40th  or  45th  parallels  of  north  latitude,  which  stretches  acroH 
it  from  W.S.  W.  to  E.N.E.  from  the  coasts  of  Barbary  and  Portugal, 
on  the  Atlantic  Ocean,  to  the  farthest  extremity  of  Asia^  at  Behiing 
iStrait,  in  the  JS'orth  Pacific.  North  of  this  lies  a  vast  plain,  ex- 
tending almost  from  the  Pyrenees  to  the  extremity  of  Asia,  the 
greater  portion  of  which  is  a  dead  level,  or  having  low  undulationfl^ 
uninterrupted  except  by  the  Scandinavian  and  British  system  on 
the  N.,  and  the  Ural  chain,  which  is  of  inconsiderable  elevation. 
1'hc  low  lands  S.  of  the  mountainous  zone  arc  much  indented  by 
the  ocean,  and  of  the  most  diversified  aspect.  A  great  part  of  the 
fiat  country  lying  between  the  China  Sea  and  the  Hiver  Indus  is  of 
exuberant  fertility,  while  that  between  the  Persian  Gulf  and  the 
foot  of  the  Atlas  is,  with  some  happy  exceptions,  one  of  the  most 
desolate  tracts  on  the  earth.  The  southern  lowlands,  too,  are 
broken  by  a  few  mountain  systems  of  considerable  extent  and 
height. 

§  2.  The  Atlas  and  Spanish  mountains  form  the  western  ex- 
tremity of  that  great  zone  of  high  land  tliat  girds  the  old  continent 
almost  throughout  its  extent :  these  two  mountain  systems  were  at 
one  time  united,  and  from  their  geological  structure,  and  also  the 
parallelism  of  their  chains,  they  must  have  been  elevated  by  forces 
acting  in  the  same  direction ;  the  Strait  of  Gibraltar,  a  sea-filled 
chasm  nearly  500  fathoms  deep,  now  divides  them.* 

A  very  elevated  and  continuous  mountain  region  extends  in  a 
broad  belt  along  the  N.W.  of  Africa,  from   the  promontory  of 


*  By  the  soundings  of  the  late  M.  Vicendon  Dumoulin,  an  eminent  French 
hydrographical  engineer  and  surveyor,  the  greatest  depth  in  the  Straits 
does  not  reach  500  fathoms,  although  until  lately  it  had  heen  considered 
nearly  double  that  quantity.  ^ 
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Gher,  on  the  Atlantic,  to  the  Gulf  of  Sidra,  on  the  Mediterranean, 
embracing  all  the  high  land  of  Morocco,  Algiers,  and  Tunis.  It  is 
bounded  by  the  Atlantic  and  Mediterranean,  and  insulated  from 
the  rest  of  Africa  by  the  desert  of  Sahara. 

This  mountain  system  consists  of  three  parts.  The  chain  of  the 
Greater  Atlas,  which  is  farthest  inland,  extends  from  Cape  Gher, 
on  the  Atlantic,  to  the  Lesser  Syrtis;  and,  in  Morocco,  forms  a 
group  of  mountains  16,000  feet  high,  covered  with  perpetual  snow. 

The  Lesser  Atlas  begins  at  Cape  Spartel  (the  ancient  Cape  Cotes) 
opfposite  to  Gibraltar,  and  runs  parallel  to  the  coast  of  the  Medi- 
terranean till  it  reaches  the  Gharian  range  in  Tripoli,  the  last  and 
lowest  of  the  Little  Atlas,  which  runs  in  an  easterly  direction, 
diminishing  gradually  in  height  till  it  is  lost  in  the  plain  of  the 
Great  Syrtis.  That  long,  rugged,  but  lower  chain  of  parallel  ridges 
and  groups  which  forms  the  bold  coasts  of  the  Strait  of  Gibraltar 
and  the  Mediterranean,  is  only  a  portion  of  the  Lesser  Atlas,  which, 
covered  with  snow,  rises  above  it  majestically.  The  flanks  of  the 
mountains  are  generally  clothed  with  forests,  but  their  summit  is 
one  uninterrupted  line  of  bare  inacessible  rocks,  and  they  are  rent 
by  fissures  frequently  not  more  than  a  few  feet  wide — a  peculiar 
feature  of  the  whole  system. 

The  Middle  Atlas,  lying  between  the  two  great  chains,  consists 
of  a  table-land,  rich  in  valleys  and  rivers,  which  rises  in  successive 
terraces  to  the  foot  of  the  Greater  Atlas,  separated  by  ridges  of  hills 
parallel  to  it.  This  wide  and  extensive  region  has  a  delightful 
climate,  abounds  in  magnificent  forests,  and  valleys  full  of  vitality. 
The  Greater  Atlas  is  calcareous  in  its  central  portion,  and  composed 
«f  granite  and  schistose  rocks  near  the  sea-coast. 

The  Spanish  peninsula  consists  chiefly  of  a  table-land  traversed 
by  parallel  ranges  of  mountains,  and  is  surrounded  by  the  sea, 
except  where  it  is  separated  from  France  by  the  Pyrenees,  which 
extend  from  the  Mediterranean  to  the  Bay  of  Biscay,  and  are  con- 
tinued by  the  Cantabrian  chain  to  Cape  Finisterre  on  the  Atlantic. 

The  Pyrenean  chain  is  of  moderate  height  at  its  extremities, 
bat  its  simamit  maintains  a  waving  line  whose  mean  altitude  is  8000 
feet ;  it  rises  to  a  greater  height  on  the  E. ;  its  highest  point  is 
the  Maladetta  or  Kethou,  11,170  feet  above  the  sea.  The  snow  lies 
deep  on  these  mountains  during  the  greater  i)art  of  the  year,  and  is 
perpetual  on  the  highest  parts ;  but  the  glaciers,  which  are  chiefly 
on  the  northern  side,  are  neither  so  numerous  nor  so  extensive  as 
Uioee  of  the  Alps. 

The  greatest  breadth  of  this  range  is  about  60  miles,  and  its 
length  270.  It  is  so  steep  on  the  French  side,  so  rugged,  and  so 
notched,  that  from  the  plains  below  its  summits  look  like  the  teeth 
of  a  saw,  whence  the  term  Sierra  has  been  appropriated  to  monn- 
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tains  of  this  fonn.  On  the  Spanish  side,  gigantic  sloping  spun  or 
offsets,  separated  by  deep  valleys,  extend  to  the  banks  of  the  £bn>. 

The  interior  of  Spain  is  a  table-land  with  an  area  of  93,000 
square  miles,  nearly  equal  to  half  of  the  peninsula.  It  dips  to  the 
Atlantic  from  its  western  side,  where  its  altitude  is  about  2S00 
feet.  There  it  is  bounded  by  the  Iberian  mountains,  which  begiii 
at  the  point  where  the  Pyrenees  take  the  name  of  the  Cantabriaa 
chain,  and  run  in  a  tortuous  south-easterly  direction  through  all 
the  kingdom,  constituting  the  eastern  boundary  of  Castile  atid 
Murcia,  and  sending  many  branches  through  those  provinces  to  the 
Mediterranean  :  its  most  elevated  portion  is  the  Sierra  de  Moucayo 
between  Calatayud  and  Tarazona,  W.  of  Saragoasa. 

llie  Cantabrian  chain  attains  its  greatest  height  in  the  Montee  de 
Europa,  8500  feet,  where  it  is  composed  of  rugged  peaks  of  carbcmi- 
ferous  limestone. 

Four  nearly  parallel  ranges  of  mountains  originate  in  this  limiting 
chain,  rimning  from  E.N.E.  to  W.S.W.  diagonally  across  the 
peninsula  to  the  Atlantic.  Of  these  the  high  chain  of  the  Guadar* 
rama  and  the  Sierra  de  Toledo  cross  the  table-land ;  the  W.  con- 
tinuation of  the  former,  the  Sierra  de  los  Gredos,  contains  the 
Peak  of  Almanzor,  after  the  Maladetta,  and  the  Sierra  Nevada  of 
Grenada,  the  highest  in  Spain ;  the  Sierra  Morena,  so  called  fix)m 
the  dark  colour  of  its  forests  on  the  southern  edge ;  and  lastly,  the 
Sierra  Nevada,  which  though  only  100  miles  long  and  50  broad,  ia 
the  finest  range  of  mountains  in  Europe  after  the  Alps  and  Pyrenees, 
and  traverses  the  plains  of  Andalusia  and  Grenada.  The  table-land 
is  monotonous  and  bare  of  trees ;  the  plains  of  Old  Castile  are  as 
naked  as  the  Steppes  of  Siberia ;  the  eastern  part  is  composed  of  a 
bare  diluvial  soil,  and  uncultivated,  except  in  the  valleys  of  denuda- 
tion and  along  the  banks  of  the  rivers.  Com  and  wine  are  produce^ 
in  abundance  on  the  widely-extended  plains  of  New  Castile  and 
Estremadura :  other  places  serve  for  pasture.  The  table-land  be« 
comes  more  fertile  as  it  approaches  towards  Portugal,  which  is  alto* 
gether  more  productive  than  Spain,  though  the  maritime  provinces 
of  the  latter  on  the  Mediterranean  are  beautifully  luxuriant,  with  a 
semi-tippical  vegetation. 

Granite  and  paleozoic  rocks  prevail  chiefly  in  the  Spanish  moon* 
tains,  and  give  them  their  peculiar,  bold,  serrated  aspect ;  whilst 
secondary  and  even  tertiary  rocks  abound  in  the  less  elevated  ranges, 
often  rising  to  a  very  considerable  elevation.  Some  of  the  valleys 
and  extensive  table- lands  between  the  parallel  ranges,  through 
which  the  great  Spanish  rivers  flow  to  the  Atlantic,  appear  to  have 
boon  at  one  time  the  basins  of  lakes.^ 


*  The  physical  geography  and  geology  of  Spain  have  received  great  ad* 
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The  mass  of  high  land  is  continued  through  the  S.  of  France,  at 
a  much  lower  elevation,  by  chains  of  hills  and  table-lands,  the 
most  remarkable  of  which  are  the  Montagues  Noires,  and  the  great 
plateau  of  Auvergne,  once  the  theatre  of  violent  volcanic  action, 
which  continued  from  the  beginning  to  the  middle  of  the  tertiary 
period,  presenting  very  perfect  cones  and  craters:  some  of  the 
highest,  as  the  Puy  de  D6me,  are  trachytic  domes.  The  trachytic 
group  of  Mont  Dord,  the  highest  peak  of  which,  the  Puy  de  Sancy, 
rises  to  the  height  of  6188  feet,  includes  an  immense  crater  of 
elevation.*  The  volcanic  mountains  of  Auvergne,  and  the  C^vennes, 
which  are  less  elevated,  are  the  most  remarkable  of  the  French 
system ;  the  eastern  offsets  from  the  latter  reach  the  right  bank  of 
the  Rhone  in  the  group  of  the  Vivarais.  In  fact,  these  French 
mountains  are  the  link  between  the  more  elevated  masses  of  Western 
and  Eastern  Europe. 

The  eastern  and  highest  part  of  the  European  portion  of  the 
mountain-zone  begins  to  rise  above  the  low  lands  about  the  52nd 
parallel  of  N.  latitude,  ascending  by  terraces,  groups,  and  chains 
of  mountains,  through  six  or  seven  degrees  of  latitude,  till  it  reaches 
its  highest  point  in  the  great  range  of  the  Alps  and  Balkan.  The 
descent  on  the  b.  side  of  this  lofty  mass  is  much  more  rapid  and 
abrupt,  and  the  immediate  offsets  from  the  Alps  shorter;  but, 
taking  a  very  general  view,  the  Apennines  and  mountains  of 
Northern  Sicily,  those  of  Greece  and  the  southern  part  of  Turkey 
in  Europe,  with  those  of  all  the  islands  of  the  adjacent  coasts,  are 
bat  outlying  members  of  the  general  protuberance. 

The  chains  of  the  Hyrcanian  mountains,  the  Sudetes,  and  the 
Carpathian  mountains,  form  the  northern  boundary  of  these  high 
lands ;  the  first,  consisting  of  3  parallel  ridges,  extends  &om  the 
right  bank  of  the  Rhine  to  the  centre  of  Germany,  about  51°  or 
52**  of  N.  lat,  with  a  mean  breadth  of  about  100  miles,  and  ter- 
minates in  the  knot  of  the  Fichtelgebirge,  on  the  confines  of  Bavaria 
and  B<^emia,  covering  an  area  of  9000  square  miles.  The  Sudetes 
begin  on  the  E.  of  this  group,  and,  after  a  circuit  of  300  miles  round 
Bohemia,  terminate  at  the  small  elevated  plain  of  the  upper  Oder, 


ditions  of  late  years  from  the  researches  of  one  of  the  most  eminent  of 
European  geologists,  M.  E.  de  Verneuil,  who  has  determined  barometrically 
th€  elevation  of  many  of  the  most  remarkable  points,  at  the  same  time  that 
he  has  illustrated  the  geology  of  nearly  the  whole  Peninsula  in  a  most  mas« 
terly  manner. 

'  A  crater  of  elevation  is  a  mountain,  generally  of  a  conical  shape,  whose 
top  has  sunk  into  a  crater  or  hollow,  after  the  internal  force  which  raised 
it  was  withdrawn,  but  from  which  no  lava  had  issued.  Dome-shaped 
mountains  owe  their  form  to  internal  pressure,  probably  from  lava,  but 
which  hare  not  again  sunk  into  a  cavity  or  crater. 
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which  connects  them  with  the  Carpathian  mountainJL  No  put  of 
these  limiting  ranges  attains  the  height  of  6000  feet,  ezo^  tbft 
Carpatliians,  some  of  which  are  very  high.  The  latter  oonaift  «f 
moimtain-groups  united  by  elevated  plains.  The  highest  potnt  is 
in  the  S.E.  of  Transylvania,  before  it  reaches  the  Danube,  wfakk 
rte])arate8  it  from  the  secondary  branch  of  the  Balkan,  where  Mount 
Biitschetje  rises  to  9528  feet.  The  Lomnitzer  Spitze  in  the  Tatra 
^roup  is  8729  feet.  The  chief  pass  across  these  mountains  is  ths 
Rothenthurm  Pass  in  the  valley  of  the  Aluta.  Spurs  decline  in 
undulations  from  these  limiting  chains  towards  the  great  northern 
plain,  and  the  country  to  the  S.,  intervening  between  them  and  tht 
Alps,  is  covered  with  an  intricate  network  of  elevations  and  plaint 
of  moderate  height. 

§  3.  The  higher  Alps,  which  form  the  western  crest  of  the  elevated 
zone,  may  be  said  to  commence  from  Cape  delle  Melle  in  the  Gull 
of  Genoa,  and  bend  round  by  the  W.  and  N.  to  Mont  Blanc  ;  then 
turning  E.N.E.  they  run  through  the  Grisons  and  Tyrol  to  the 
Great  Glockner,  in  40"  T  N.  lat.  and  12°  43'  K  long.,  where  ths 
higher  Alps  terminate  after  a  course  of  420  miles.  Throughout  its 
whole  extent  this  chain  is  lofty ;  many  of  its  peaks  rise  above  the 
line  of  i>erpetual  snow ;  the  most  elevated  part  is  situated  betweeo 
the  Col  de  la  Scigne,  on  the  western  shoulder  of  Mont  Blanc,  and 
the  Simplon.  The  highest  mountains  in  Europe  are  comprised 
within  this  space,  not  more  than  60  miles  long,  where  Mont  Blane, 
the  highest  of  all,  has  an  absolute  elevation  of  15,744  feet  The 
central  ridge  of  the  higher  Alps  is  jagged  with  peaks,  pyramidSi 
and  needles  of  bare  and  almost  perpendicular  rock,  rising  fiom 
fields  of  perpetual  snow  and  rivers  of  ice  to  an  elevation  of  14,000 
fe«t.  Many  parallel  chains  and  groups,  alike  rugged  and  snowy, 
press  on  the  principal  crest,  and  send  their  flanks  far  into  the  lower 
grounds.  Innumerable  secondary  branches,  hardly  lower  than  the 
main  crest,  diverge  from  it  in  various  directions :  of  these  the  chain 
of  the  Bernese  Alps  is  the  highest  and  most  extensive.  It  branches 
off  at  the  St.  Gothard  from  the  principal  chain,  and,  running  nearly 
])arallel  to  it,  separates  the  Valais  from  the  Canton  of  Berne,  and 
with  its  ramifications  forms  one  of  the  most  remarkable  groups  of 
mountain  scenery  in  Europe.  Its  endless  maze  of  sharp  ridges  and 
bare  {x^aks,  mixed  with  gigantic  masses  of  pure  snow,  fading  coldly 
serene  into  the  blue  horizon,  presents  a  scene  of  sublime  quiet  and 
repose,  unbroken  but  by  the  avalanche  or  the  thunder. 

At  the  Great  Glockner  the  chain  of  the  Alps  divides  into  two 
branches,  forming  the  Noric  and  Camic  Alps :  the  former  running 
towards  Vienna,  the  latter  forming  the  continuation  of  the  prin* 
cipal  stem.  Never  rising  to  the  height  of  perpetual  snow,  it 
separates  the  Tyrol  and  Upper  Carinthia  from  Venetia,  and,  taking 
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of  the  Juti&Q  Alpa  at  Mont  lerRlou,  it  rons  S.E.,  ntider 
UXN,  till  it  joins  the  Gosteni  AIpe,  or  Balkan,  under  the 
■nendion.    Ofiiela  from  this  cIimd  cover  all  the  neighhouring 
itrlw. 

k  dilBeult  lo  estimate  the  breadth  r>f  the  A1{ilDe  chain  :  that 
higbDr  Alpa  i»  oliont  lOOniileB;  it  inereuBPs  to  ITiOE.  of  the 
anil  to  200  between  thu  15tli  and  IHlh  meridians,  hut  is 
ira  than  BO  at  H»  junction  with  the  Balkan. 
Sulno,  U1T7  feet  above  the  sea,  i»  the  highest  earriaoe-pass 
»  DMHintainR,    Those  of  Che  Mount  CenlH  (1)772),  St.  Gothard 
i),  Bimplon  ('i592),  Splugen  (6940),  and  AmpiTo,  sfo  liirectly 
tiw  creet  of  the  Alps.     Passes  very  rarely  go  ovn  the  summit 
noontain ;  they  generally  cross  a  depreMlon  between  higher 
■acmding  by  the  valloy  of  a  torrent,  and  descending  by  a 
depreBsion  on  the  other  aids. 

fhiqnent  oecunence  of  extensive  deep  lakes  la  a  peeiilinr 
io  Kuro{iean  inouutnin«,  rarely  to  he  met  with  in  the  Asiatic 
,  except  in  the  Altai  and  on  the  elevated  plaina. 
With  the  exception  of  the  Jura,  whose  pastoral  region  ie  abo\it 
3000  feet  above  the  sea,  there  are  no  elevated  table-lands  in  the 
Alps  or  European  mountains  ;  the  tabular  form,  so  eminently 
iteriatic  of  the  Asiatic  high  lands,  begins  In  the  Balkan.  '  The 
itol  peninsula  rises  by  degrees  from  the  Danube  to  Bosnia  and 
UKtdduia,  wluch  are  some  hundred  feet  above  the  sen  i  and 
_  BbUosu  extends  600  miles  along  this  elevated  masit,  fiom  the 
CDaliuuation  of  the  Dlnaric  and  Julian  Al|»  to  Cape  Kmineh  on 
lli«  niack  Soa.  It  begins  by  a  table-land  70  miles  long,  traceravd 
If  low  hills  endind,  towards  Albania  and  Mjrltida,  in  precipitous 
peaks  from  OOOO  to  7000  feet  high.  Rugged  moontains, 
bat  impassable,  succoed  to  tbia,  in  which  the  domes  and  needles 
Rchnndach,  or  ancient  Scamus,  are  covered  with  snow  till 
Another  tablv-laud  follows,  whose  mut^y  surface  is  bounded 
muntl  precipices  at  Mount  Arbelus,  near  the  town  of  Sophia. 
tba  UnnQs,  or  Balkan  propoily  so  called,  commences,  and 
in  jwrallel  ridges  separated  by  longitudinal  valleys  to  the 
8a^  dividing  the  philus  between  the  Lower  Danube  and  the 
■Into  nearly  equal  parts.  There  are  few  passes  in  the 
and  where  there  is  no  lateral  ridge  tho  jirecipices 

int  by  terrific  fisnures  cutting  through  the  chains 
a  Aenp  and  narrow  that  daylight  is  almost  ex- 

Haded.    These  chasms  aflbrd  the  safest  passes  tor  bea.it«  of  burthen. 

Therr  is  but  one  high  road  across  the  chain,  called  Trajan's  Gate. 
1'he  Mediterranean  is  the  southern  boundary  of  the  elevated  Konu 

•f  EaMvni  Europe,  whose  last  offsets  rise  in  rocky  islands  along  the 
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coasts.  The  mountains  of  Sardinia  and  Corsica  may  be  considefed 
as  outlying  members  of  the  Maritime  Alps,  while  shorter  offsets 
end  in  the  plains  of  Lombardy,  enclosing  the  magnificent  mxoerf 
of  the  Italian  lakes.  Even  the  Apennines,  whose  chain  baa  giTWi 
its  form  to  the  peninsula  of  Italy,  are  but  secondary  on  a  greater 
scale  to  the  broad  central  band,  as  well  as  the  mountains  and  high 
land  in  the  north  of  Sicily,  which  form  the  continuation  of  the 
Galabrian  range. 

The  Apennines,  beginning  where  the  Maritime  Alps  terminate, 
enclose  the  Gulf  of  Genoa,  and  run  through  the  centre  of  Italy  to 
the  middle  of  Calabria,  where  they  split  into  two  branches,  one  of 
which  continues  to  Capo  di  Leuca,  on  the  Gulf  of  Taranto,  the  other 
to  Cape  Spartivento,  near  the  Strait  of  Messina.  Ilie  whole  Length 
is  about  800  miles.  None  of  the  Apennines  rise  above  the  line  of 
perpetual  snow,  though  snow  lies  during  nine  months  of  the  year  on 
the  Monte  Como  in  the  Gran  Sasso  d'ltalia  (9521  feet  high),  in 
Abruzzo  Ulteriore. 

Offsets  from  the  Julian  and  Eastern  Alps  render  Dalmatia  and 
Alhania,  perhaps,  the  most  rugged  tract  in  Europe ;  and  the  Pindna, 
which  forms  the  watershed  of  Greece,  diverges  from  the  latter  chain, 
and,  running  south  200  miles,  separates  Albania  from  Macedonia 
and  Thessaly. 

Greece  is  a  country  of  mountains,  and,  although  none  are  pefpe- 
tually  covered  with  snow,  it  lie«  during  a  great  part  of  the  year  on 
several  of  their  summits.  The  highest  point  is  Mount  Guiona  in 
Doris,  8239  feet.  The  chains  terminate  in  boldly  projecting  head* 
lands,  which  reach  far  into  the  sea,  and  reappear  in  the  numeroof 
islands  and  rocks  which  stud  that  deeply  indented  coast.  The 
Grecian  mountains,  like  the  Balkan,  are  much  torn  by  transverse 
fractures.  The  defile  of  Blatamana  and  the  Gulf  of  Salonica  are 
examples.  The  Adriatic,  the  Dardanelles,  and  the  Sea  of  Mannora 
limit  the  secondary  ranges  that  branch  from  the  southern  part  of 
the  Balkan. 

The  valleys  of  the  Alps  are  deep,  long,  and  narrow ;  those  among 
the  mountains  of  Turkey  in  Europe  and  Greece  are  mostly  caldroii- 
shaped  hollows,  often  enclosed  by  mural  rocks.  Many  of  thaie 
cavities  of  great  size  lie  along  the  foot  of  the  Balkan.  In  the  Morea 
they  are  so  encompassed  hy  mountains  that  the  water  has  no  escape 
but  through  the  porous  soil,  consisting  of  tertiary  strata,  some  of 
which  have  formed  the  bottom  of  lakes.  Caldron-shaped  valleys 
occur  also  in  most  volcanic  countries,  as  Italy,  Sicily,  and  central 
France. 

The  table-lands  which  constitute  the  tops  of  mountains  or  of 
mountain  cliains  are  of  a  different  character  from  tliose  terraces  by 
which  the  high  lands  slope  down  to  the  low.    The  former  are  on  a 
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small  scale  in  Europe,  and  of  forbidding  aspect,  with  the  exception 
of  the  Jura,  which  is  pastoral,  whereas  the  latter  are  almost  always 
habitable  and  cultivated.  The  mass  of  high  land  in  south- east^n 
Europe  shelves  on  the  north  to  the  great  plain  of  Bavaria,  3000  feet 
high ;  Bohemia,  which  slopes  from  1500  to  900  feet ;  and  Hungary, 
from  4000  to  300  above  the  sea.  The  descent  on  the  south  side  of 
the  Alps  is  considerably  the  most  rapid,  the  distance  of  the  plains 
from  the  centre  of  the  chain  being  shorter. 

§  4.  It  is  scarcely  possible  to  estimate  the  quantity  of  ice  on  the 
Alps :  it  is  said,  however,  that,  independent  of  the  glaciers  in  the 
Grisons,  there  are  1400  square  miles  of  glacier  in  the  Alpine  range, 
from  80  to  600  feet  thick.  There  are  no  glaciers  east  of  the  Great 
Glockner,  except  in  the  small  group  of  Hallstadt.  Thirty-four  bound 
the  snowy  regions  of  Mont  Blanc,  covering  an  area  of  1819  miles, 
whilst  it  is  estimated  that  95  square  miles  of  snow  and  ice  clothe 
that  giant  of  the  chain.  Some  glaciers  have  been  permanent  and 
stationary  in  the  Alps  from  time  immemorial,  while  others  now 
oocnpy  ground  formerly  cultivated  or  covered  with  trees,  which  the 
irresistible  force  of  the  ice  has  swept  away.  These  ice-rivers, 
formed  on  the  snow-clad  summits  of  the  mountains,  fill  the  hollows 
and  high  valleys,  hang  on  the  declivities,  or  descend  by  their 
gravity  through  the  transverse  valleys  to  the  plains,  where  they 
are  cut  short  by  the  increased  temperature,  and  deposit  the  rocks 
and  rubbish  which  had  fallen  upon  them  from  the  heights  above, 
forming  those  accumulations  called  moraines ;  but  their  motion  is 
so  slow  in  some  instances  that  generations  may  pass  before  a  stone 
fallen  on  the  upper  end  of 'a  long  glacier  can  reach  the  terminal 
moraine.  In  the  Alps  the  annual  rate  of  motion  of  the  glaciers 
varieB  extremely,  according  to  the  state  of  the  glacier  itself,  and  of 
its  slope.  Rates  of  motion  varying  from  14  feet  to  600  feet 
annually  have  been  observed.  As  in  rivers,  the  motion  is  most 
rapid  in  the  centre,  and  slower  along  the  sides  and  bottom  on  ac- 
count of  friction.  It  is  slower  in  winter,  although  it  does  not  cease, 
because  the  winter's  cold  penetrates  the  ice,  as  it  does  the  soil,  only 
to  a  Limited  depth.  Glaciers  are  not  of  solid  ice ;  they  consist  of  a 
mixture  of  ice,  snow,  and  water,  so  that  they  are  in  some  degree 
flexible  and  viscous,  acquiring  more  solidity  as  they  descend  to 
lower  levels.  Although  evaporation  goes  on  at  their  surface,  they 
are  not  consumed  by  it.  The  terminal  front  is  perpetually  melt- 
ing ;  it  is  steep  and  inaccessible,  owing  to  the  configuration  of  the 
ground  over  which  it  tumbles  in  its  icy  cascade,  sometimes  several 
hundred  feet  high.  The  glacier  in  its  middle  course  is  rather  level, 
the  higher  part  very  steep,  and  the  surface  is  convex  and  uneven, 
and  rent  by  crevices  into  which  the  purest  blue  streams  fall  in 
rushing  cascades  while  the  sun  is  above  the  horizon;  but  they 
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freeze  at  liis  setting,  And  then  a  death-like  silence  prevails  The 
masses  of  n»ck  and  lar<;;e  stones  that  fair  on  them  from  the  nn** 
roundin<:;  heights  protect  the  ice  helow  from  the  san  which  nwiti  it 
all  round,  so  that  at  last  they  rest  on  elevated  pinnacles  till  Hb/J 
fall  otV  by  their  wei^i^ht,  and  in  this  manner  some  of  those  numenni 
pyramids  are  forineii  with  which  the  surface  is  bristled.  SmiH 
stones,  on  the  contrary,  absorh  the  sun*s  heat,  and  melt  the  iee 
un<ier  tlieni  into  hc»lcs  in  which  they  sink,  forming  so  many  smsll 
wells.  Throughout  much  of  the  length  of  a  glacier  the  winter's 
snow  melts  from  its  surface  as  completely  as  it  does  from  tJie 
ground ;  it  is  fed  from  above,  for  in  the  upper  part  the  snow  nenr 
melts,  but  accumulates  iu  a  stratified  form,  and  is  consolidated,  hi 
fk)me  of  the  largest  glaciers,  where  there  is  a  difference  in  level  of 
some  thousan<ls  of  feet  between  tlie  origin  and  termination,  the 
pressure  is  enormous,  and  so  irresistible  as  to  carry  all  before  it;  evtt 
the  thickest  forests  are  at  times  overwhelmed  and  crushed  by  them. 

Glaciers  advance  or  retire  according  to  the  severity  or  mildnea 
of  the  season  :  they  have  been  advancing  in  Switzerland  of  late 
years,  but  they  are  subject  to  cycles  of  unknown  duration.  From 
the  moraines,  as  well  as  the  stria"  scratclied  on  the  rocks  over  which 
they  have  passed,  M.  Agassiz  considers  that  the  valley  of  Chamooiii 
was  at  one  time  occupied  by  a  glacier  that  had  moved  towards  the 
Col  de  lialme.  A  moraine  2000  feet  above  the  I^hone  at  St.  Maurice 
would  appear  to  indicate  that,  at  a  remote  period,  glaciers  had 
covered  Switzerland  to  the  height  of  2155  feet  above  the  level  of 
the  lake  of  Geneva. 

Their  increase  is  now  limited  by  various  circumstances — by 
eva|X)ratioii  at  tlieir  surface,  by  blasts  of  hot  air  which  occur  at  all 
heights,  but  chiefly  by  the  mean  temperature  of  the  earth,  which, 
being  always  al)ove  the  freezing-point  in  those  latitudes,  molts  the 
under  surface  of  the  glacier,  giving  rise  to  a  pcqietual  current, 
which,  united  to  the  natural  springs  that  rise  under  the  frozen 
mass,  and  to  the  rain  and  melted  snow  that  penetrate  through  the 
crevices,  forms  a  stream  of  turbid  water  which  works  out  an  icy 
cavern  at  the  extremity  of  the  glacier,  and  flows  from  it  into  the 
lower  ground.  Thus  a  glacier  "  begins  in  the  clouds,  is  formed  by 
the  mountains,  and  ends  in  the  0C4ian/*  * 

'  The  reader  who  may  wish  for  a  more  detailed  view  on  this  subject  is 
referred  to  the  writings  of  Professor  Agassiz,  and  t4>  Professor  James  Forbes' 
volumes  on  Glaciers,  a  work  which  is  a  model  of  exact  observation,  combined 
with  such  accurate  physical  and  mechanical  deductions  n&  could  only  be 
arrived  at  by  one  eminently  conversant  with  the  highest  principles  of 
physics  and  mathematical  investigations;  and  to  the  Inter  researches  of 
Professor  Tyndall,  which  have  modified,  on  some  secondary  points,  Professor 
Forbes'  views  and  discoveries. 
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§  5.  The  crjsUUine  and  upper  FaU'ozoic  formationB  are  enor- 
mously developed  ia  northern  Europe;  the  secondary  and  tertiary 
«ie  not  leas  bo  in  the  central  part  of  the  continent;  and  altbougb 
tiie  latter  continue  to  be  the  prevailing  strata  in  the  S.,  tbej  are  ao 
much  mixed  with  crystalline  rocks  that  the  geolc^  become*  very 
Gom|)licated.  Norway,  Sweden,  Lapland,  and  Finland,  are  for  the 
moat  part  crystailioe,  while  the  rest  of  northern  RiiBsia  belongs  to 
the  upper  Paleozoic  period.  Siberia,  and  a  long  tract  S.  of  it,  are 
formed  of  secondary  strata.  The  whole  of  southern  Russia,  to  the 
■bores  of  the  Black  Sea  and  Caspian,  belongs  to  the  secondary  and 
tertiary  periods  ;  while  tertiary  rocks  prevail  throughout  Germany, 
Denmark,  and  Holland,  to  the  shores  of  the  North  Sea.  Meta- 
morphic  slates  are  highly  developed  in  Southern  and  Eastern 
Europe,  and  form  some  of  the  most  elevated  pinnacles  of  the  Alpine 
crest  and  its  offsets,  of  the  Caucasus  and  principal  chains  in  Greece 
and  Turkey  in  Europe ;  but  the  secondary  fossiliferous  strata  cod- 
atitute  the  chief  mass  and  often  rise  to  the  highest  summits;  in- 
deed, secondary  limestones  occupy  a  great  portion  of  the  high  land 
of  Eastern  Europe.  Calcareous  rocks  form  two  great  r 
zones  on  each  side  of  the  central  chain  of  the  Alps,  and  ri 
sionally  to  altitudes  of  10,000  or  12,000  feet,  'ihey  ci 
great  portion  of  the  central  range  of  the  Apennines,  and  till  Che 
greater  part  of  Sicily.  They  are  extensively  developed  in  Turkey 
in  Europe,  where  the  plateau  of  Bosnia,  with  its  high  lands  on 
the  8.,  part  of  Hacedouia,  and  Albania  with  its  islands,  are  princi- 
pally composed  of  them.'  Tertiary  strata  of  great  thickness  rest  on 
the  flanks  of  the  Alps,  and  rise  in  some  places  to  a  height  of  5000 
feet ;  zones  of  the  Pliocene  i>eriod  flank  the  Apennines  on  each  side, 
filled  with  organic  remains,  and  half  of  Sicily  is  covered  with 
tertiary  strata.  With  the  exception  of  the  islands  In  the  Baltic, 
and  a  district  S.  of  the  Gulf  of  Finland,  which  is  PalfBOZoic,  that 
formation  often  mixed  with  granite  prevails  near  or  along  the 
shores  of  the  Atlantic,  but  not  continuously.  A  district  at  North 
Cape  is  Valgror.uic ;  the  Lofodcn  Isles  are  of  granite ;  it  again 
appears  in  small  patches  in  the  Norwegian  mountains,  which  are 
Paleozoic.  The  wiiole  of  Brittany  consists  of  these  two  formations, 
the  granite  being  still  more  abundant,  and  stretching  diagonally 
across  France  in  patches,  even  to  the  shores  of  the  Mediterranean, 
But  in  no  part  of  Kurope  do  the  rocks  under  consideration  abound 
•o  much  as  on  the  Atlantic  aide  of  the  Sjianish  peninsula;  they 
extend  even  to  the  centre  of  Spain.  'I  he  i'yreneea  are  of  granite 
and  upper  Palieozoic  strata,  flanked  by  secondary  rocks.  Consider- 
able tracts  of  granite  occur  in  the  Moravian,  Biihmerwald,  and  Savon 

'  M.  Boue:. 
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mountains,  but  of  less  importance  than  those  mentioned.  It  appears 
that  the  Atlas,  the  Sierra  Morena,  and  most  of  the  Spanish  moun- 
tains, the  central  chain  of  the  Caucasus,  and  the  Balkan,  were  raised 
before  the  period  of  the  erratic  blocks. 

From  numerous  dislocations  in  the  strata  the  Alps  appear  to  have 
been  heaved  up  by  many  violent  and  repeated  convulsions,  separated 
by  intervals  of  repose ;  and  different  parts  of  the  chain  have  been 
raised  at  different  times.  For  example,  the  Maritime  Alps  and  the 
south-western  part  of  the  Jura  mountains  were  raised  previously 
to  the  formation  of  the  chalk ;  but  the  tertiary  period  appears  to 
have  been  that  of  the  greatest  commotions,  for  nearly  two-thirds  of 
the  lands  of  Europe  have  risen  since  the  beginning  of  that  epoch,  and 
those  that  existed  acquired  additional  height,  whilst  some  have  sunk 
below  their  original  level.  During  that  period  the  Alps  acquired  sn 
additional  elevation  of  between  2000  and  3000  feet ;  Mont  Blanc 
then  attained  its  present  elevation ;  the  Apennines  rose  1000  or 
2000  feet  higher;  and  the  Carpathians  seem  to  have  gained  sn 
accession  of  height  since  the  seas  were  inhabited  by  the  existing 
species  of  animals.^ 


Lyell. 
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CHAPTER    IV. 

HIGH   LANDS  OF  THE  GREAT  CONTINENT — Continued, 

§  1.  Central  Asiatic  table-land ;  cradle  of  the  human  race.  §  2.  Western 
Asiatic  table-land.  §  3.  Caucasian  range.  §  4.  Mountains  of  Anatolia. 
§5.  Mountain  region  of  Armenia,  Kurdistan,  and  Azerbijan.  §  6.  Persian 
motrntains.     §  7.  Chain  of  the  Hindoo  Coosh. 

§  1.  The  Dardanelles  and  the  Sea  of  Marmora  form  but  a  small 
break  in  the  mighty  girdle  of  the  old  dbntinent,  which  again  appears 
in  immense  table-lands,  passing  through  the  centre  of  Asia,  of  such 
magnitude  that  they  occupy  nearly  two-fifths  of  the  continent.  Here 
every  thing  is  on  a  much  grander  scale  than  in  Europe  :  the  table- 
lands rise  above  the  mean  height  of  the  European  mountains,  and 
the  mountains  themselves  that  gird  and  traverse  them  surpass  those 
of  every  other  country  in  altitude.  The  most  barren  deserts  are 
here  to  be  met  with,  as  well  as  the  most  luxuriant  productions  of 
animal  and  vegetable  life.  The  earliest  records  of  the  human  ra^e 
are  found  in  this  cradle  of  civilization,  and  monuments  still  remain 
which  show  the  skill  and  power  of  those  nations  that  have  passed 
away,  but  whose  moral  influence  is  still  visible  in  their  descendants. 
Customs,  manners,  and  even  prejudices  carry  us  back  to  times 
beyond  the  record  of  history  or  even  of  tradition,  while  the  magni* 
tude  with  which  the  natural  world  is  here  developed  evinces  the 
tremendous  forces  that  must  have  been  in  action  at  epochs  immea- 
surably anterior  to  the  existence  of  man,  remote  as  that  appears  to  be. 

The  gigantic  mass  of  high  land  which  extends  for  6000  miles 
between  the  Mediterranean  and  the  Pacific  is  2000  miles  broad 
at  its  eastern  extremity,  700  to  1000  in  the  middle,  and  somewhat 
less  at  its  termination.  Colossal  mountains  and  elevated  terraces 
form  the  edges  of  the  lofty  plains. 

§  2.  Between  the  47  th  and  68th  eastern  meridians,  where  the  low 
plains  of  Uindostan  and  Bokhara  border  upon  the  table-land  and 
reduce  its  width  to  700  or  1000  miles,  it  is  divided  into  two  parts 
by  an  enormous  group  of  mountains  formed  by  the  meeting  of  the 
Hindoo  Coosh,  the  Himalaya,  the  Kuen-lun,  and  the  transverse 
ranges  of  the  Bolor  Tagh,  or  Cloudy  Mountains :  these  two  parts 
differ  in  height,  form,  and  magnitude. 
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Tlie  western  portion,  which  is  the  table-land  of  Persia  or  platen 
of  Iran,  is  oblong,  extending  from  the  shores  of  Asia  Minor  to  the 
Hindoo  Coosh  and  the  Solimaun  range,  which  skirts  the  right  aide 
of  the  valley  of  the  Indus.  It  occupies  an  area  of  1,700,000  sqiiaie 
miles,  generally  about  4000  feet  above  the  sea,  and  in  some  pUoei 
7000.  The  Oriental  plateau  or  table-land,  much  the  largest,  has  in 
area  of  7,600,000  square  miles,  its  altitude  varying  from  4000  to 
5000  feet  at  Yarkand,  to  17,000  feet  in  some  parts  of  Tibet. 

As  the  table-lands  extend  from  N,\V.  to  S.E.,  so  also  do  the 
principal  mountain  chains,  as  well  those  which  bound  the  high 
lands  as  those  which  traverse  them.  Remarkable  exceptions  to 
this  equatorial  direction  of  the  Asiatic  mass,  however,  occor  in  a 
series  of  meridional  chains,  whose  axes  extend  from  S.8.E.  to 
N.N.W.,  between  Cape  Coraorin,  opposite  to  Ceylon,  and  the  Arctic 
Ocean,  under  the  names  of  the  Western  Ghauts,  the  Solimaim  range 
(which  forms  the  eastern  boundary  of  the  table-land  of  Persia),  the 
13olor  (which  is  the  western  limit  of  the  great  plateau  of  Tartary), 
and  the  Ural  Moimtains.  These  chains,  rich  in  gold,  lie  in  different 
longitudes,  and  so  alternate  among  themselves  that  each  beginf 
only  in  that  latitude  which  has  not  yet  been  attained  by  the  pro- 
ceding  one.  The  Khing-han,  in  China,  also  extends  from  south  to 
north  along  the  eastern  slopes  of  the  tablo-land.* 

§  3.  The  lofty  range  of  the  Caucasus,  which  extends  in  an  un- 
broken line  700  miles  between  the  Black  and  Caspian  Seas,  is  an 
outlying  member  of  the  Asiatic  high  lands.  OD'sets  diverge  like 
ribs  from  each  side  of  the  central  crest,  which  penetrate  the  Russian 
Steppes  on  one  hand,  and  on  the  other  cross  the  plains  of  Kara,  or 
valley  of  the  Kur  and  Rion,  and  unite  the  Caucasus  to  the  taUe« 
land.  The  Caucasus  presents  much  magnificent  scenery,  and  the 
great  peaks  shoot  up  from  their  bases  in  unbroken  walls  of  rock  and 
ice.  The  rivers  which  drain  the  northern  slopes  cut  their  way 
through  gorges  in  the  limestone,  which  bars  their  way  down  to  the 
vast  steppes.  Fine  forests,  far  sur^iassing  in  extent  and  richnev 
those  of  the  Alps,  clothe  the  sides  of  the  Caucasus,  and  reach  to  an 
elevation  variously  estimated  at  7300  and  7600  feet.  There  is  a 
total  absence  of  lakes  on  both  sides  of  the  chain,  nor  are  there  any 
great  waterfalls.  Some  parts  of  these  mountains  are  very  high ; 
the  Elbruz,  on  the  western  border  of  Georgia,  according  to  the 
Russian  survey,  is  18,526  feet.  The  central  portion  of  the  chain, 
a  distance  of  120  miles  between  the  peaks  of  Kasbek  (16,546  feet) 
to  the  E.,  and  Elbruz  to  the  W.,  has  recently  been  explored  by 
Mr.  Douglas  Freshfield  and  a  party,  who  ascended  both  of  these 
high  peaks,  and  explored  some  of  the  glaciers  and  all  the  valleys  of 

*  Johnston's  Physical  Atlas. 
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the  central  region.  1  he  glaciers  of  this  part  of  the  chain  are  very 
extensive,  and,  though  the  snow-limit,  according  to  Herr  Abich,  is 
9500  feet,  the  bases  of  the  great  glaciers  descend  to  7200  feet. 
The  central  chain  of  the  Caucasus,  according  to  recent  geologists, 
ia  chiefly  composed  of  granite;  the  rocks  of  both  Elbruz  and  Kasbek 
are  igneous.  In  addition  to  these  great'  peaks,  the  central  region 
contains  the  elevated  summits  of  Dychtau  (16,925  feet)  and 
Koschtantau  (17,096  feet)  between  the  two  branches  of  the  Tcherek, 
and  several  others  between  15,000  and  16,000  feet  in  height.  The 
chief  pass  across  the  range  is  the  Krestowaja  Gora,  commonly 
called — from  a  deep  gorge  in  its  course — the  Dariel  Koad.  Through 
this  valley,  which  passes  under  the  clififs  of  Kasbek,  the  post-road 
from  Vladikafkaz  to  I'iflis  runs. 

§  4.  Anatolia,  the  most  western  part  of  the  table-land  of  Iran, 
3000  feet  above  the  sea,  is  traversed  by  short  chains  and  broken 
groups  of  mountains,  separated  by  fertile  valleys,  which  sink  rapidly 
toward  the  Archipelago,  and  end  in  promontories  and  islands  along 
the  shores  of  Asia  Minor,  which  is  a  country  abounding  in  vast, 
luxuriant,  but  solitary  plains,  watered  by  broad  rivers — in  Alpine 
platforms  and  mountain-ridges  broken  up  by  great  valleys,  opening 
seawards,  with  meandering  streams.  Single  mountains  of  volcanic 
formation  are  conspicuous  objects  on  the  table-land  of  Anatolia, 
which  is  rich  in  pasture,  though  much  of  the  soil  is  saline  and 
covered  with  lakes  and  marshes.  A  triple  range  of  limestone  moun- 
tains, 6000  or  7000  feet  high,  divided  by  narrow  but*  beautiful 
valleys,  is  the  limit  of  the  Anatolian  table-land  along  the  shores  of 
the  Black  Sea.  Two-thirds  of  their  height  are  covered  with  forests, 
and  broken  by  wooded  glens,  leaving  a  narrow  coast-line,  except 
near  Trebizond,  where  it  is  broad  and  picturesque.  The  high  land 
is  bounded  on  the  south  by  the  serrated  snowy  range  of  the  Taurus, 
which,  beginning  in  Rhodes,  Cos,  and  other  islands  in  the  Mediter- 
ranean, fills  the  south-western  parts  of  Asia  Minor  with  ramifica- 
tions ;  and  after  following  the  sinuosities  of  the  iron-bound  coast 
of  Karamania  in  a  single  lofty  range,  extends  to  Samisat,  where  the 
Euphrates  has  cut  a  passage  through  this  stony  girdle. 

§  5.  About  the  50th  meridian  the  table-land  is  compressed  to 
nearly  half  its  width ;  and  there  the  lofty  mountainous  regions  of 
Armenia,  Kurdistan,  and  Azerbijan  tower  higher  and  higher  be- 
tween the  Black  Sea,  the  Caspian,  and  the  Gulf  of  Scanderoon 
x>n  the  Mediterranean.  Here  the  cold  treeless  plains  of  Armenia, 
the  earliest  abode  of  man,  7000  feet  above  the  sea,  bear  no  traces 
of  the  Garden  of  Eden ;  Mount  Ararat  stands  a  solitary  majestic 
volcanic  cone,  16,916  feet  above  the  sea,  shrouded  in  perpetual 
snow.  Though  high  and  cold,  the  soil  of  Armenia  is  richer  thau 
that  of  Anatolia,  and  is  better  cultivated.     It  shelves  on  the  N. 
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iu  luxuriant  and  beautiful  declivities  to  the  low  and  andnlatiiig 
valley  of  Kara,  S.  of  the  Caucasus ;  and  on  the  other  hand,  tKe 
broad  and  lofty  belt  of  the  mountains  of  Kurdistan,  rising  abrapUy 
in  many  parallel  ranges  from  the  plains  of  Mesopotamia,  form  iti 
southern  face,  and  spread  their  ramifications  wide  over  its  sorfiMe. 
They  are  rent  by  deep  ravines,  and  in  many  places  are  ao  rugged 
that  communication  between  the  villages  is  always  difficult,  and  ia 
winter  impracticable  from  the  depth  of  snow.  T"he  line  of  per- 
petual snow  is  decided  and  even  along  their  sides ;  their  flanks  are 
wooded,  and  the  valleys  populous  and  fertile. 

A  thousand  square  miles  of  Kurdistan  is  occupied  by  the  bracktdi 
lake  Van,  which  is  seldom  frozen,  though  566  feet  above  the  set, 
and  surrounded  by  lofty  mountains. 

§  6.  The  Persian  mountains,  of  which  Elbruz  is  the  principtl 
chain,  extend  along  the  northern  brink  of  the  plateau,  from  Ar- 
menia, almost  parallel  to  the  shores  of  the  Caspian  Sea,  maintaining 
a  considerable  elevation  up  to  the  volcanic  peak  of  Demavend,  near 
Tehran,  their  culminating  point,  21,500  feet  above  the  level  of  the 
sea.  According  to  Sir  Henry  Bawlinson,  Mount  Judi,  overhanging 
the  plain  of  Assyria,  is  much  higher  than  Demavend,  which,  though 
00  miles  inland,  is  a  landmark  to  sailors  on  the  Caspian.  Elevated 
offsets  of  these  mountains  cover  the  volcanic  table-land  of  Azerbijan, 
one  of  the  most  fertile  provinces  of  Persia:  there  the  Koh  Salavan 
elevates  its  volcanic  cone.  Beautiful  plains,  pure  streams,  and 
-I)eaceful  glades,  interspersed  with  villages,  lie  among  the  mountain^ 
and  the  Vale  of  Khosran  Shah,  a  picture  of  sylvan  beauty,  is  cele- 
brated as  one  of  the  five  paradises  of  Persian  poetry.  The  vegeta- 
tion at  the  foot  of  these  mountains  on  the  shores  of  the  Caspian 
has  all  the  exuberance  of  a  tropical  jungle.  Tlie  Elbruz  decreases 
in  height  to  the  E.  of  Demavend,  and  then  joins  the  mountains  of 
Khorassan  and  the  Paropamisan  range,  which  appear  to  be  chaini 
<>t  mountains  when  viewed  from  the  low  plains  of  Khorassan  and 
Balkh,  but  on  the  table-land  of  Persia  they  merely  form  a  broad 
hilly  country  of  rich  soil,  till  they  join  the  Hindoo  Coosh. 

In  fact,  mountains  which  bound  table-lands  have  no  existence 
independent  of  them,  being  merely  their  mountainous  faces,  the 
highest  ranges  of  which  abut  on  these  elevated  plains,  and  rise  more 
or  less  above  them.  It  is  thus  that  the  table-land  of  Iran  is  bounded 
for  1000  miles  along  the  Persian  Gulf  and  Indian  Ocean  bjf  a  moun- 
tainous belt  of  from  three  to  seven  parallel  ranges,  having  an  aver- 
age width  of  200  miles,  and  extending  from  the  extremity  of  the 
Kurdistan  Mountains  to  the  mouth  of  the  Indus.  The  Lazistdn 
Mountains,  which  form  the  northern  part  of  this  belt,  and  bound 
the  vast  level  plains  of  the  Tigris,  rise  from  it  in  a  succession  of 
high  table-lands  divided  by  very  rugged  mountains,  the  last  ridge 
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of  which,  mostly  covered  with  snow,  abuts  on  the  table -land  of 
Persia.  Oaks  clothe  their  flanks  ;  the  valleys  are  fertile,  verdant, 
and  cultivated;  and  many  rivers  flow  through  them  to  swell  the 
stream  of  the  Tigris.  Insulated  hill-forts,  from  2000  to  5000  feet 
high,  occur  in  this  region,  on  flat  cultivated  summits  some  miles  in 
extent,  often  accessible  only  by  ladders,  or  holes  cut  in  their  preci- 
pitous sides.  These  countries  abound  in  ancient  inscriptions  and 
remains  of  antiquity.  The  moisture  decreases  more  and  more  a.s 
we  proceed  S.  from  Shiraz ;  and  then  the  parallel  ridges,  repulsive 
in  aspect  and  difficult  to  pass,  are  separated  by  arid  longitudinal 
valleys,  which  ascend  like  steps  from  the  narrow  shores  of  the 
Persian  Gulf  to  the  table-land.  The  coasts  of  the  gulf  are  burning 
sandy  solitudes,  so  completely  barren  that  the  country  from  Bas- 
sora  to  the  Indus,  a  distance  of  1200  miles,  is  nearly  a  sterile  waste. 
In  a  few  favoured  spots  on  the  terraces,  but  only  where  water  occurs, 
there  is  vegetation ;  and  the  beauty  of  these  valleys  is  enhanced 
by  surrounding  sterility.^ 

With  the  exception  of  Mazanderan  and  the  other  provinces  bor- 
dering upon  the  Caspian,  and  in  the  Paropamisan  range,  Persia  is 
an  arid  region,  possessing  few  perennial  springs,  and  not  one  great 
river.  In  fact,  three-tenths  of  the  country  is  a  desert,  and  the  table- 
land is  nearly  a  wide  scene  of  desolation.  A  great  salt  desert 
occupies  27,000  square  miles  between  Irak  and  Khorassan,  of  which 
the  soil  is  a  stiff  clay,  covered  with  efflorescence  of  common  salt 
and  nitre,  often  an  inch  thick,  varied  only  by  a  few  saline  plants 
and  patches  of  verdure  in  the  hollows.  This  dreary  waste  joins 
the  large  sandy  and  equally  dreary  desert  of  Kerman.  Kelat,  the 
capital  of  Beluchistan,  is  7000  feet  above  the  level  of  the  sea :  round 
it  there  is  cultivation,  but  the  greater  part  of  that  country  is  a 
desert  plain,  over  which  the  brick-red  sand  is  drifted  by  the  wind 
into  ridges  like  the  waves  of  the  sea,  often  12  feet  high,  without  a 
▼estige  of  vegetation.  The  blast  of  the  desert,  whose  hot  and  pes- 
tilential breath  is  fatal  to  man  and  animals,  renders  these  dismal 
sands  impassable  at  certain  seasons. 

Barren  lands  or  bleak  downs  prevail  at  the  foot  of  the  Lukee  and 
Solimaun  ranges,  which  are  formed  of  bare  porphyry  and  sandstone, 
and  which  skirt  the  eastern  edge  of  the  table-land,  and  dip  to  the 
plains  bordering  on  the  Indus.  In  Afghanistan  there  is  little  culti- 
vation except  On  the  banks  of  the  streams  that  flow  into  the  Seistan 
Lake,  but  fertility  reappears  towards  the  N.E.  The  plains  and 
▼alleys  among  the  offsets  from  the  Hindoo  Coosh  are  of  surpassing 
loveliness,  and  combine  the  richest  peaceful  beauty  with  the  ma- 
jesty of  the  snow-capped  mountains  by  which  they  are  encircled. 


'  Sir  John  Malcolm  on  Persia,  and  Mr.  Morier's  Travels. 
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§  7.  The  elevated  chain  of  the  Hindoo  Coosh,  which  occapiei 
the  terrestrial  isthmus  hetween  the  low  lands  of  Hindoetan  and 
Bokhara,  takes  its  name  from  a  mountain  20,000  feet  above  the 
level  of  the  sea,  north  of  the  city  of  Cabul.  To  the  west,  this  chain 
is  very  broad,  extending  over  many  degrees  of  latitude,  and  covering 
the  countries  of  Kafiristan,  Eunduz,  and  Badakhshan,  with  iti 
offsets.  From  the  plains  to  the  S.  it  seems  to  consist  of  four  distinct 
ranges  rising  one  above  another,  the  last  of  which  is  so  high  that  its 
snowy  summits  are  visible  at  the  distance  of  150  miles.  A  ridge 
ot  considerable  height  encloses  the  beautiful  valley  of  Cashmere,  at 
the  extremity  of  which  the  Himalaya  may  be  said  to  begin.  The 
])asses  over  the  Hindoo  Coosh  are  mere  defiles,  lliere  are  six  from 
(  abul  to  the  plains  of  western  1'urkistan;  and  so  deep  and  ao  much 
enclosed  are  thev,  that  Sir  Alexander  Bumes  never  could  obtain  an 
observation  of  the  jwle-star  during  the  whole  journey  from  Bamian 
till  within  30  miles  of  Turkistan. 
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CHAPTER  V. 

HIGH   LANDS  OF  THE  GREAT  CONTINENT. — Continued. 

§  1.  Eastern  Asiatic  table-land.  §  2.  The  Himalaya;  glaciers;  snow-line; 
passes ;  desolate  plains.  §  3.  River-system  of  Tibet.  §  4.  Geology  of 
the  mountains  of  Tibet ;  salt  lakes.  §  5.  Eastern  Tibet ;  provinces  of 
Yarkand  and  KhoUn.  §  6.  Desert  of  Great  Gobi.  §  7.  Altai  chain. 
§  8.  Sayansk,  Tangnoa,  and  Ulangomala  branches ;  minerals  of  the  Altai 
range.     §  9.  Geological  character  of  the  high  lands  of  the  Old  Continent. 

§  1.  The  great  table-land  of  Eastern  Asia  extends  through  30 
degrees  of  longitude  from  the  sources  of  the  Oxus  to  those  of  the 
Hoang-Ho  or  Yellow  River  of  China.  The  height  of  this  enormous 
protuberance  is  small  to  the  N.  compared  with  that  of  'JMbet  which 
forms  its  summit,  the  lofty  plain  of  which  rises  to  the  mean  eleva- 
tion of  from  15,000  to  16,000  feet  above  the  sea  along  its  southern 
edge,  next  to  the  Himalaya.  The  Himalaya  bounds  Tibet  on  the 
S.,  but  has  no  existence  as  a  separate  chain  of  mountains  uncon- 
nected with  the  table-land ;  the  peaks  merely  form  protuberances  on 
its  southern  face ;  but  the  Kuen-lun,  which  bounds  Tibet  on  the  N., 
has  all  the  characters  of  an  independent  lofty  chain,  and  according 
to  the  recent  journey  of  a  pundit  employed  by  Captain  Montgonierie 
of  the  Indian  Trigonometrical  Survey,  a  snowy  chain,  probably  still 
more  lofty,  traverses  'i'ibet  E.  and  W.,  a  little  N.  of  the  Tsan-jx) 
river.  The  central  part  of  the  plateau,  on  which  are  situated  Yarkand , 
Khotan,and  other  cities,  is  of  much  less  elevation  than  Tibet,  being 
from  4000  to  6000  feet  above  the  sea-level.  It  is  bounded  on  the 
K.  by  the  lliian-shan  or  Celestial  Mountains,  to  the  N.E.  of  which 
Mongolia  and  the  desert  of  the  Great  Gobi  are  not  more  than  3000 
feet  above  the  level  of  the  sea,  and  are  bounded  by  the  mountains 
which  terminate  the  table-land  on  the  N.,  separating  it  from  the 
plains  of  Siberia.  The  table-land  and  all  these  mountains  run 
nearly  from  W.  to  E.,  nevertheless  the  Altai  and  Himalaya  diverge 
in  their  eastern  course,  so  that  the  table- land,  which  is  only  700  or 
1000  miles  wide  at  its  western  extremity,  is  1000  between  the 
Chinese  province  of  Yunnan  and  the  country  of  the  Manchoo 
Tonguses. 
This  elevated  mass  of  table-lands  and  mountains  ends  abniptly 
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alxmt  71°  30'  E.  lonj^.,  where  the  lofty  chain  of  the  Bolor, or  Clocd j 
Mountains,  detaches  itself  from  the  Hindoo  Cooeh,  and,  ruimiiig 
N.  to  join  the  Iliian-Ahan,  divides  Eastern  from  Western  TozkiftiL 
In  thu  centre  uf  this  little  known  mountain  range  lies  the  taUe-lud 
of  Piinn'r,  calle<i  hy  the  natives  the  Bain-y  Dunya,  or  "Roof  of  the 
World.*^     Its  iiTvat  elevation  was  made  known  by  the  oelefacaud 
V(>n('tian  traveller  Marco  Polo  six  centuries  ago;   althon^  his 
a(!enunt  is  too  vajruc  fur  the  needs  of  modem  geographers.    It  fofini 
tlir  watershed  of  this  i>art  of  central  Asia ;  the  Amu  or  Oxos  lining 
innu  the  western  extremity  of  the  small  Alpine  lake,  Sir4-Kol, 
hituatnl  (in  this  elevated  plateau,  and  the  rivers  of  Tarkaud  ud 
Kokan  rising  towanls  the  eastern  side,  which  is  intensely  coldin 
winter,  hut  in  summer  is  covered  with  flocks  of  sheep  and  gostL* 
rnmi  hrre  the  tahUMand  of  Tihet  sinks  down  by  a  succenoDcf 
terrar(>s  thnm^'h  the  countries  of  Bokhara  and  Halkh  to  the  deep 
i'uv  itv  in  which  the  Caspian  Sea  lies.     Two  narrow  difficult  psMi 
l«!iil  nvor  tiie  Bolor  Tajih  frt»m  the  low  plains  of  Western  Tia^ 
lusian   to   Kashirar  and  Yarkand  on  the  table-land   of  Eastcn 
'ruikisian. 

i  H.  Tho  tahle-land,  and  consequently  the  Himalaya,  run  from 
N  \V.  Ill  S.  v..  tVoiu  the  deK^uche  of  the  Indus  to  that  of  the  ftahms- 
l*«»>tr:i.  iiiid  aloui:  that  line  there  extends  the  vast  unbroken  f^ainof 
llnuUiNian,  which  is  pniUmged  southward  to  the  Bay  of  Bengal  on  OM 
liaiul,  wlulc  pu  the  other  it  extends  along  the  foot  of  the  Himalayi, 
\\  lu'ie  II  i.s  l'JiH>  tVct  alH>ve  the  level  of  the  sea.  The  transition  from 
ilii<  pliun  tti  ilu'  mountains  is  sudden.  The  Siwalik  hills  or  sab- 
1 1  ihiitl.iv  AW  i:uii;c  ri>e  ahniptly  fnun  the  perfectly  flat  country ;  their 
•»• « 'III  \anrN  trt»in  a  tVw  hundred  to  3«:»00  or  4000  feet,  and  they 
mil  iilt.u,-  ilu'  whole  SHnitheni  e\li:e  of  the  Himalaya.  They  present 
-»  nIm  j.  In,,  (o\\;inU  The  ]<lains,  while  they  slope  gently  inwardl 
■«iiil  innu  A  >\\:\\\y>\\  \i\\W\  K-iwwn  them  and  the  next  line  of 
>•'. Ml. ii.m,-,.  which  r.;i\s  ^vinuloUlT.t  at  a  distance  of  from  ^ye  to  ten 
iiiii.t  Un-.  l,«nu!!iui!r.al  c.i]n>s:tn  is  hrx^ken  into  short  sepamtd 
»i»lli\'  li\    »s»,»>»iMi:^'i  j'.;iict'.v':is  I'l   the  parallel   ranges  of  hilla 

•  •■•  «l».  i,.u»  t'N  w  Uvov.us  ji  |vsii:ential  swamp,  covered  with 
"  •'•  •»«"l  ..»^.,.^  It  .s  to:;..w<v.  ,.n  the  X.  by  a  band  about  10 
lull,  .  ».i, ,.,.»,  i.,,uj.»n\  *\»\er^\l  I'v  ;,  !\st  auti  remarkable  for  want  of 
"  '*"      *''  '*   ♦  » »»»*'.^' »'»  v.K»,'-tA-.'.;s  TvXO  I'eei  hisih  runs  i«r«llel  to 

•  h.  MH.hl,  h,iN.  \  ,.;  ^x ;.:,.;,  ;.,.  ^v,,  ivAo^-iVi  and  weU-cultirated 
'  '"■»  ■  '•   \.r»»l.  ^■i.v.i.  PV.o:,v.-,  .V.I.":  Assam,  iniereiiersed  with 

•'■ »*'     »'"'  r  r-"'-.>  i.wv.*  v.,.:  v:;;aj,^     Behind  these  again 

' '' i^VVV  u*  l'.\v\V  :Wt  h;-:i,  t^^nked  bv  magni- 

' *  ■ '  ■'*'*>  '•'* '»  »•-  -•'*  -  -  -M-  T^t:-.craiT:i].tlv,and"form  the 


\  I  «.i    w 


'    '.«.....  H  ».'  i  ■  V  >^  uAv  vt* :.-:,  K:v«r  Oia*.  1  toL  8v©. 
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wonderful  tntige  of  I.he  elevatod  Himalaya,  the  "  Dwelling  of  Snow," 

which  aurpasses  in  hei<^ht  all  other  [jarts  of  the  earth's  surface, 

L  The  mean  height  of  the  Himalaja  is  very  great  (16,670  ieet, 

ing  to  MuuilxihU).    Captain  Gerard  and  hia  brother  estimated 

|kt  it  ouuld  Dot  hv  leKH  than  20,000  feet :  the  jieake  exceeding  thnt 

nti<m  arc  nut  tii  be  aumbercd,  especially  near  the  aoiirces  of  thi- 

y  and  Qanges.     ludeed,  from  that  river  to  the  Ealee  the  chalii 

ajllita  an  endless  succeasioa  of  some  of  the  loftiest  mountains  uti 

. ;  40  of  them  mirpABs  the  height  of  ChimboraKo,  one  of  the  most 

ikbiiated  of  the  Aiide«,  and  Mveml  in  Kiimaon  and  Garhwal  exceed 

23,000  feet ;  but  the  highest  of  all— Muunt  Everest,  between  Nepuiil 

•Dil  Sikim— is  2D,002  feet  above  the  level  of  tbo  sea  according  tv 

the  measurementa  of  Colonel  (now  General  tjir  Andrew)  Waugh    The 

■e  generally  BO  or  90  miles  from  the  southern  edge 

chain,  and  are  nut  found  in  a  contJnuouB  ridge,  but  grouped 

1  masses  separated  hy  deep  depressions,  through  which 

a  How  that  drain  these  parts  uf  the  mountains.     Captain 

lumtiouB  that  in  Rotior  there  is  a  small  table-land  the 

intwiNVt  of  Pamir;  on  both  there  is  a  lake  15,000  feet  abovv 

k  lerel  of  the  sea,  imbedded  in  moimtaina   19,000  feet  high, 

I  the  same  fauna  of  the  domestic  yak  and  wild  sheep.    The 

o  the  plains  uf  India  is  extremely  rapid  from  the  table- 

1,  especially  in  Bhotan,  being  mote  than  10,000  feet  in  10  miles. 

|evftUoysaremerecrevices,«odeep  and  narrow,  and  the  mountains 

t  overhang  in  menacing  cliffs  so  lofty,  that  these  abysses  are 

d  in  perpetual  gloom,  except  where  the  rays  of  a  vertical  sun 

e  their  depths,  and  from  the  8U;epneBS  uf  descent  the  rivers 

it  down  with  the  swiftness  of  an  arrow,  filling  the  caverns  witli 

n  Utd  the  air  with  mist. 

The  valleys  between  the  snowy  peaks  are  Little  more  than  sigantic 

ravines,  with  streams  flowing  in  narrow  channels,  which  at  intervals 

ojiea  uut  into  alluvial  flats  capable  of  agriculture.    After  xuutsing  the 

'lich  the  great  {leaks  are  situated,  the  ascent  and  the  eleva- 

e  bottoms  of  the  valleys  become  v 


it  the  sudden 


iC  height  of  the  mountains  in  that  line 


Knot  confined  to  the  peaks,  but  is  a  geneml  elevation  of  the  whole 

W  The  Himalayan  range  N.  of  the  Puiijaub  has  Iteen  ^)c!scribed  by  ii 
k'clitir,  Mr.  Forsyth,  aeoonaiBtIng  of  three  parts,  the  "outci', 
1,  anil  trans-Himalaya."  The  outer  Himalaya  comprises  all  tbi.- 
r  hills,  higher  slopes  and  ranges  which  face  the  plain  uf  India, 
idid  forests  uf  timber  and  rich  vegetation  cover  these  portions 
I  the  snow-line.  The  monsoons  bring  rain  which  washe* 
■  hill-sides,  and  the  construction  of  a  road  is  thus  renderml  very 
~icult.     In  the  mid-Himalaya  vegetation  is  scant,  there  are  uu 
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forests ;  glaciers,  and  snowy  peaks  are  everywhere  to  be  seen ;  mow 
falls  instead  of  rain,  and  avalanches  are  of  hourly  occurrence.  Ihe 
trans-Himalayan  district  has  mountains  of  a  rounded  form,  the  ex- 
treme dryness  of  the  atmosphere  preserving  the  slopes  from  being  cut 
into  ravines.  The  passes  cross  by  easy  ascents  and  descents  from 
one  elevated  plain  to  another. 

The  glaciers  in  the  Himalaya  are  numerous  and  very  large,  y«t 
till  comparatively  lately  they  were  not  supposed  to  exist.  Oaptsin 
Godwin-Austen  of  the  Indian  Trigonometrical  Survey,  to  whom  wi» 
allotted  the  rugged  district  of  Baltistan,  at  the  great  northern  bend 
of  the  Upper  Indus,  examined  one  glacier,  the  "  Biafo  Ganze,**  which 
was  upwards  of  60  miles  in  length,  and  (in  lat.  35°)  terminated  at 
an  elevation  of  10,145  feet.  The  lowest  level  to  which  any  is  known 
to  descend  is  10,000  feet  above  the  sea-level,  but  12,000  feet  is  th» 
more  usual  elevation  of  their  extremities  on  the  S.  declivity.  On 
the  N.  side  of  the  mountains  they  terminate  at  about  16,000  feet, 
and  their  motion  is  analogous  to  that  of  the  glaciers  observed  in  the 
Alps. 

According  to  Mr.  Strachey  the  snow-line  on  the  S.  of  the  Hima- 
layan mountains  is  at  a  height  of  15,500  feet ;  while,  on  account  of 
the  dryness  of  the  atmosphere,  it  ascends  to  19,000  or  20,000  on  the 
N.  of  the  chain. 

The  Himalaya  still  maintains  great  height  along*  the  N.  of  Assam; 
and  where  the  Brahmaix)otra  cuts  through  it,  the  parent  stem  and 
its  branches  extend  in  breadth  over  2"  of  latitude ;  but  E.  of  this 
jwint  ranges  of  mountains  succeed,  having  a  N.  and  S.  direction, 
tlirough  the  narrow  valleys  between  which  descend  the  Irravnidy 
and  other  rivers  of  Indo-China  lying  between  the  Brahmapootra  and 
the  Yang-tsze-Kiang. 

Nature  has  in  mercy  mitigated  the  intense  rigour  of  the  cold  in 
these  hi^h  lands  in  a  degree  unexampled  in  other  mountainous 
regions.  The  climate  is  mild,  the  valleys  are  verdant  and  inhabited, 
com  and  fruit  ripen  at  elevations  which  in  other  countries — even 
under  the  equator — would  bo  buried  in  permanent  snow. 

It  is  also  a  peculiarity  in  these  mountains  that,  the  higher  the 
range,  the  higher  likewise  is  the  limit  of  snow  and  vegetation.  On 
the  southern  slo^xjs  of  the  first  range  Mr.  Gerard  found  cultivation 
10,000  feet  above  the  sea,  though  it  was  often  necessary  to  reap  the 
com  still  green  and  unripe ;  while  in  Chinese  Tartary  crops  of  barley 
are  raised  16,000  feet  above  the  sea.  Captain  Gerard  saw  pasture 
and  low  bushes  up  to  17,009  feet ;  and  com  as  high  as  even  18,544 
feet,  which  is  2800  feet  higher  than  the  top  of  Mont  Blanc,  and 
1279  feet  above  the  snow-line  in  the  province  of  Quito  under  the 
et|uator.  Birch-trees  with  tall  stems  grow  at  the  elevation  of  14,068 
feet  and  the  vine  and  other  fruits  thrive  in  the  valleys  of  these  high 
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plains.  The  temperature  of  the  earth  has  probably  some  influence 
on  the  vegetation ;  as  many  hot  springs  exist  in  the  Himalaya  at 
great  heights,  there  must  be  a  source  of  heat  beneath  these  mountains, 
which  in  some  places  comes  near  the  surface.  Hot  springs  abound 
in  the  valley  of  Jumnotra;  and  as  it  is  well  known  that  many  plants 
thrive  in  very  cold  air  if  their  roots  are  well  protected,  this  may  be 
the  cause  of  pine-trees  thriving  at  great  elevations  in  that  valley, 
and  of  the  splendid  forests  of  the  Deodar,  a  species  of  cedar  that 
grows  to  a  gigantic  size  even  to  the  verge  of  the  snow-line. 
■  Most  of  the  passes  over  the  Himalaya  are  but  little  lower  than 
the  top  of  Mont  Blanc ;  many  are  higher,  especially  near  the  Sutloj, 
where  they  are  from  18,000  to  19,000  feet  high.  The  Mustagh  is 
about  18,400  feet,  the  Karakorum  pass  is  18,317  feet,  the  Yangi  pass 
over  the  Kuen-lun  into  the  plains  of  Ilchi  is  19,092  feet.  All  are 
difficult,  but  the  difficulty  is  much  lessened  in  the  case  of  the 
passes  leading  from  Ladakh  into  Eastern  Turkistan,  owing  to  the 
dryness  of  the  climate.  Caravans  now  cross  over  passes  from  17,000 
to  19,000  feet  in  height.  On  the  road  from  Leh  to  Yarkand,  over 
the  Karakorum,  20  per  cent,  of  the  animals  die  on  the  road,  and 
for  5  or  6  days  neither  grass  nor  fuel  is  found.  But  the  Changchenmo 
route  from  Leh  to  Ilchi,  which  at  one  place  goes  over  a  pass  19,000 
feet  above  the  sea,  presents  no  such  difficulties  to  traders  as  that 
over  the  Karakorum  pass.  Grass,  wood,  and  water  are  found  every- 
where ;  and  this  route,  or  a  modification  of  it,  is  soon  likely  to  be 
extensively  used  in  conveying  Kangra  tea  and  other  goods  to 
Yarkand,  and  reviving  a  trade  which  existed  for  age;)  before  the 
British  occupation  of  India.  Other  passes  to  the  S.  and  S.W.  are  not 
•o  easy.  The  Niti  pass,  by  which  Moorcroft  ascended  to  the  sacred 
lakes  of  R'akas  and  Manasarowar  in  Tibet,  is  extremely  difficult.  He 
and  his  guide  had  not  only  to  walk  barefooted,  from  the  risk  of  slip^ 
ping,  but  they  were  obliged  to  creep  along  the  most  frightful  chasms, 
holding  by  twigs  and  tufts  of  grass,  and  sometimes  they  crossed  deep 
and  awful  crevices  on  the  branch  of  a  tree,  or  on  loose  stones  thrown 
across. 

The  loftiest  peaks,  being  precipitous,  and  therefore  bare  of  snow, 
give  great  variety  and  beauty  to  the  scenery,  which  in  these  passes 
is  at  all  times  magnificent.  Durin<:;  the  day,  the  stupendous  mass 
of  the  mountains,  their  interminable  extent,  the  variety  and  sharp- 
ness of  their  forms,  and,  above  all,  the  clearness  of  their  distant  out- 
line melting  into  the  pale  blue  sky,  contrasted  with  the  deep  azure 
above,  is  described  as  a  scene  of  wild  and  wonderful  beauty.  At 
midnight,  when  myriads  of  stars  sparkle  in  the  black  sky,  and  the 
pore  blue  of  the  mountains  looks  deeper  still,  below  the  white  gleam 
of  the  earth  and  snow-li^ht,  the  efi'ect  is  of  unparalleled  grandeur, 
and  no  language  can  describe  the  splendour  of  the  sunbeams  at  day^ 
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break  streaming  between  the  high  peaks  and  throwing  their  gigantic 
shadows  oa  the  mountains  below.  There,  far  above  the  habitation 
of  man,  no  living  thing  exists,  no  sound  is  heard ;  the  very  echo  of 
the  traveller's  footsteps  startles  him  in  the  awful  solitude  and  silenct 
that  reign  in  these  august  dwellings  of  everlasting  snow. 

On  arriving  at  the  table-land  by  the  Niti  pass  a  traveller  findf 
himself  on  a  wide-spreading  plain,  stretching  to  the  N.  W.  as  far  as 
the  eye  can  reach,  without  sign  of  water,  vegetation,  or  animal  life. 
Behind  rise  mountains  that  fade  away  in  the  distance,  with  here  and 
there  only  a  peak  covered  with  snow.  These  mountains  are  by  no 
means  so  high  as  the  Himalaya  on  the  S.  of  the  plain,  yet  they 
contain  the  Kailas,  22,000  feet  high,  and  another  20,500.  llie  plain 
varies  in  height  from  10,000  to  15,000  feet  above  the  sea.  Moor- 
croft  gives  the  following  account  of  it.  *'In  summer  the  sun  it 
powerful  at  midday,  the  air  is  of  the  purest  transparency,  and  the 
azure  of  the  sky  so  deep  that  it  seems  black  as  in  the  darkest  night 
Tbe  rising  moon  does  not  enlighten  the  atmosphere,  no  warning 
radiance  announces  her  approach  till  her  limb  touches  the  horizon, 
and  the  stars  shine  with  the  distinctness  and  brilliancy  of  suns.  In 
southern  Tibet  the  verdure  is  confined  to  favoured  spots ;  the  bleak 
mountains  and  high  plains  are  sternly  gloomy,  a  scene  of  barrennett 
not  to  be  conceived.  Solitude  reigns  in  these  dreary  wastes,  where 
there  is  not  a  tree  nor  even  a  shrub  to  be  seen  of  more  than  a  few 
inches  high.  The  scanty  short-lived  verdure  vanishes  in  October : 
the  country  looks  then  as  if  fire  had  passed  over  it,  and  cutting  dry 
winds  blow  with  irresistible  fury,  howling  in  the  bare  mountaini^ 
whirling  the  snow  through  the  air,  and  freezing  to  death  the  un- 
fortunate traveller  benighted  in  these  regions.'*  This  plain  consists 
of  two  parts :  that  to  the  east,  which  is  much  encroached  upon  by 
mountains,  contains  the  lakes  R'akas  and  Manasarowar,  celebrated 
in  the  sacred  legends  of  the  Hindus.  They  lie  in  a  deep  recess  at 
the  foot  of  the  Gangri  mountains,  at  an  elevation  of  15,000  feet 
"  llie  islands  and  innumerable  headlands  of  the  former,  the  intensely 
lovely  blue  of  its  waters,  with  its  snowy  breakers,  and  KaiWs 
snowy  dome  in  the  background,  formed  a  scene  of  uncommon 
beauty,  marred,  however,  by  utter  desolation  and  southern  blasts 
that  chill  to  the  bone." 

To  the  W.  this  desolate  plain  is  much  broader  and  more  exten- 
sive ;  it  is  15,000  feet  high  in  its  central  part,  and  is  cut  through 
by  the  Sutlej,  which  issues  from  the  K'akas  lake  and  flows  at  the 
bottom  of  a  deep  ravine  furrowed  out  of  the  alluvial  matter  of 
the  plain  to  a  depth  of  3000  feet.  Ravines,  the  slopes  of  which  are 
often  almost  as  even  and  straight  as  a  railway  cutting,  for  miles 
together  intersect  this  plain  of  Guge.  One  mentioned  by  Captain 
Strachey  is  about  a  mile  deep ;  and  their  extraordinary  magnitude 
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is  such  that  Moorcroft  talks  of  their  slopes  as  mountains  over- 
hanging the  plain  out  of  which  they  are  cut.  Captain  Strachey 
describes  Western  Tibet  as  consisting  of  a  dense  mass  of  huge 
rocky  mountains,  whose  habitable,  or  even  accessible,  valleys  bear 
but  a  small  pro|)ortion  to  the  solid  mass  of  mountains  too  steep  and 
high  for  any  human  use.  The  loftier  summits  rise  in  all  quarters 
to  an  elevation  of  four  miles  above  the  sea,  a  few  of  the  highest  yet 
measured  are  nearly  five,  and  the  mean  elevation  about  20,000  feet. 
The  mountains,  however,  are  by  no  means  disposed  in  a  confused 
mass  ;  they  extend  from  N.N.W.  to  8.S.E.  in  regular  parallel  chains 
separated  by  long  valleys,  in  which  flow  the  upper  courses  of  the 
Indus  and  Brahmapootra  rivers.  The  pundit  employed  by  Captain 
Montgomerie  to  execute  a  reconnaissance  survey  of  this  region 
travelled  along  the  Jong-lam,  or  great  high  road,  by  means  of  which 
the  Chinese  officials  keep  up  their  communications  between  Lhasa 
and  Gartokh,  N.E.  of  the  K^akas  and  Manasarowar  Lakes.  'J'he  dis- 
tance is  800  miles,  and  the  average  elevation  of  the  road  13,500  feet 
above  the  sea-level ;  only  for  one  stage  the  road  descended  so  low 
as  11,000  feet,  whilst  at  several  passes  it  ascended  to  more  than 
16,000  feet,  ^lie  great  river  Tsan-po,  supposed  to  be  the  upper 
coarse  of  the  Brahmapootra,  and  which  runs  from  W.  to  K  is  occa- 
sionally crossed  by  this  road,  and  its  waters  lie  at  an  elevation  of 
11,800  feet  at  Shigatze,  S.  W.  of  Lhasa. 

Glaciers  are  rare  in  Tibet  on  account  of  the  dryness  of  the  air, 
and  lie  mostly  on  the  N.  side  of  the  Himalaya,  and  on  the  western 
part  of  the  Karakorum  range,  where  they  are  very  extensive.  But 
notwithstanding  the  severity  of  the  climate,  the  Tibetans  cross 
the  passes,  which  are  between  18,000  and  19,000  feet  high,  even  in 
winter. 

§  3.  The  river  system  is  one  of  the  principal  features  of  Tibet. 
The  watershed  of  the  Indus  and  Brahmapootra  is  a  transverse  ridge 
that  runs  N.  from  the  Himalaya  to  the  Karakorum,  which  divides 
the  country  into  two  basins  of  drainage.  The  major  axis  of  both 
rivers  lies  parallel  to  the  longer  axis  of  the  table-land  till  they 
attain  the  extremities  of  Indian  1'ibet,  where  they  turn  sharply  and 
flow  in  deep  crevices  to  the  plains  of  India.  Q  hese  two  great  streams, 
together  with  the  Sutlej,  are  the  only  rivers  of  Tibetan  origin  that 
water  the  plains  of  Hindostan  ;  all  the  rest  come  from  the  Himalayan 
watershed,  which  is  25  miles  to  the  N.  of  the  line  of  the  great 
snowy  peaks,  or  from  the  face  of  the  mountains. 

Rain  is  hardly  known  in  1'ibet,  and  the  whole  amount  of  snow 
that  fell  during  two  years  that  Captain  Strachey  s|)cnt  at  Leh  was 
little  more  than  20  inches.  The  snow  does  not  lie  on  the  arid 
stony  soiL  There  is  a  total  absence  of  thunder  and  lightning,  and 
the  air  so  completely  loses  its  conducting  power  that  a  person 
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clothed  in  sheepskins  becomes  so  highly  charged  as  to  give  out 
Ion;;  sparks  on  touching  a  conducting  substance. 

Even  in  these  elevated  regions  wheat  and  barley  grow  in  sheltered 
places,  where  there  is  irrigation,  and  many  of  the  fruits  of  southern 
Europe  ripen.  Eound  the  villages,  barley,  peas,  and  beans  are 
grown ;  and  the  eye  rests  with  pleasure  on  groves  of  walnut,  apricot, 
mulberry,  poplar,  and  willow.  The  city  of  Lhasa  in  Eastern 
Tibet,  the  residence  of  the  Grand  Lama,  is  surrounded  by  vineyards, 
and  is  called  tlie  "  Realm  of  Pleasure."  There  are  some  trees,  but 
the  ground  in  cultivation  in  Eastern  Tibet  bears  a  small  proportion 
to  the  grassy  steppes,  which  extend  in  endless  monotony,  grazed  by 
thousands  of  the  shawl-wool  goats,  sheep,  and  cattle. 

§  4.  From  the  parallelism  of  the  mountain  chains  in  l^bet,  that 
of  the  line  of  greatest  elevation  of  the  Himalayan  peaks,  and  of 
the  ridge  of  low  hills  at  their  base.  Captain  Strachey  infers  that 
the  whole  mass  has  been  raised  from  the  bottom  of  the  ocean  by 
one  general  agency,  which  is  confirmed  by  its  geological  structure. 
The  quantity  of  granite  is  small,  and  very  rarely  expands  into  moun- 
tain masses.  Stratified  crystalline  rocks,  especially  gneiss,  form  the 
crest  of  the  Himalaya  and  mountains  in  Tibet,  and  in  both  Palasozoic 
beds  immediately  succeed  the  crystalline.  But  the  most  remark- 
able feature  of  these  high  lands  is,  that  the  plain  of  Tibet  is  of  com- 
paratively recent  origin,  consisting  of  a  deposit  of  boulders  and 
gravel  in  horizontal  strata,  rising  to  an  elevation  of  about  15,000 
feet  without  any  sensible  disturbance.  In  the  plain  of  Guge  bones 
of  the  elephant,  rhinoceros,  horse,  and  a  new  species  of  ruminants 
occur  in  this  deposit ;  creatures  whose  existence  would  be  a  physical 
impossibility  in  the  present  climate ;  so  that  it  is  necessary  to  sup- 
pose they  were  elevated  from  a  lower  situation  by  some  great  geo- 
logical cataclysm.  A  very  long  line  of  the  older  fossiliferous  rooks 
about  20  or  30  miles  N.  of  the  great  Himalayan  peaks  must  have 
been  a  sea  margin  from  the  earliest  periods  of  the  earth's  history 
till  as  late  as  the  oolitic  periods.  Tertiary  strata  occur  in  the  Niti 
pass  17,000  feet  above  the  sea,  and  even  higher  still,  and  probably 
the  plain  of  Tibet  was  raised  above  the  sea  to  its  present  position 
since  the  tertiary  period.  'I'here  had  been  a  great  volcanic  outburst 
near  the  sacred  lakes.  Hot  springs  are  frequent  both  to  the  S.  and 
N.  of  the  line  of  great  j)eaks. 

There  are  many  salt  lakes  in  Tibet ;  that  of  Pangong,  or  rather 
the  chain  of  Pangong  lakes,  having  an  area  of  6500  square  miles, 
lies  in  a  serpentine  form  at  the  foot  of  the  Earakorum  mountains, 
and  occupies  a  valley  more  than  100  miles  long,  bounded  on  the 
southern  side  by  high,  rocky,  snow-capped  mountains,  and  on  the 
N.  by  low  rounded  hills.  The  waters  of  the  lake  are  of  a  deep 
blue,  and  the  hills  present  every  variety  of  lovely  and  brilliant 
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colouring.  Boracic  acid  exists  in  abundance  in  the  hot  springs 
of  Central  Tuscany,  and  in  an  extinct  crater  in  the  island  of  Vol- 
cano, but  Tibet  is  the  only  country  in  the  world  where  native 
tincal  or  borate  of  soda  is  found. 

§  5.  Of  Eastern  Tibet  by  much  the  greater  half  remains  to  be 
explored,  and  the  Kuen-lun,  which  bounds  Tibet  on  the  N.,  is  not 
well  known.  It  extends  eastward  from  the  mountain-knot  of  the 
Tsung-ling  in  two  branches,  which  surround  lake  Tcngri-nor,  and 
again  unite  in  the  K'han  of  Eastern  Tibet.  The  Karakorum,  or  Ice 
Moontains,  are  the  most  southerly  branch,  and  chains,  more  or 
less  connected  with  these,  form  an  elevated  mountain  mass  round 
lake  Koko-Nor,  nearly  in  the  centre  of  the  table-land  from  whence 
those  immense  mountain  ranges  diverge  which  render  the  south- 
western provinces  of  China  amongst  the  most  elevated  regions  on 
earth.i 

Yarkand  and  Khotan,  provinces  of  Eastern  Turkistan,  lie  to  the 
N.  of  the  Kuen-lun.  'i'hey  are  less  elevated  and  more  fertile  than 
Tibet ;  yet  it  is  so  cold  in  winter  that  the  river  Yarkand  is  frozen 
for  three  months.  The  soil  is  generally  sandy  and  free  from  stones 
and  rocks.  It  is  very  productive ;  Indian  com,  wheat,  barley,  buck- 
wheat, and  rice  grow  in  perfection ;  olives,  pears,  apples,  peaches, 
apricots,  mulberries,  grapes,  currants,  and  melons  are  produced  of 
good  size  and  flavour ;  cotton  and  raw  silk  abound.  A  dense  forest 
stretches  for  12  marches  between  Khotan  and  Aksu,  two  of  the 
chief  towns.  Gold  is  found  in  large  quantities  in  the  beds  of  ' 
the  streams  which  flow  from  the  Kuen-lun,  and  thousands  of  men 
are  at  work  on  the  gold-flelds.  The  plains  are  watered  by  the 
Kashgar,  Yarkand,  Khotan,  and  Kiria  rivers  which  unite  to  form 
the  Tarim.  Several  large  cities,  of  which  the  chief  are  Yarkand, 
Ilchi,  Kashgar,  and  Aksu,  exist.  Yarkand,  the  most  considerable 
of  these,  is  the  emporium  of  commerce  between  Tibet,  China,  Tur- 
kistan, Bokhara,  Persia,  and  Russia.  Gold,  rubies,  silk,  and  other 
productions  are  exported.  This  country  is  bounded  on  the  N.  by 
the  Tartar  range  of  the  Thian-shan,  or  Celestial  Mountains,  which 
begins  at  the  northern  extremity  of  the  Bolor,  and,  running  along 
the  42nd  parallel  of  latitude,  sinks  to  the  desert  of  the  Great  Gobi, 
about  the  centre  of  the  table-land,  but,  rising  again,  they  are  con- 


'  The  authorities  for  the  matter  contained  in  this  chapter  arc  Barou 
Humboldt,  *  Asie  Centrale;'  Mr.  Keith  Johnston's  *  Physical  Atlas ; '  Cap- 
tain Strachcy  on  *  Western  Tibet ;  *  Mr.  Moorcroft  on  *  Journey  in  Tibet ;  * 
Dr.  Thomson  on  *  Western  Himalaya;*  Dr.  Joseph  Hooker  on  *Sikhim  and 
JSepaul;'  the  numerous  papers  published  by  the  officers  of  the  Trigono- 
metrical Survey  of  India,  under  the  able  direction  of  Colonel  Waugh,  and 
by  others  in  the  Journal  of  the  Asiatic  Society  of  Calcutta ;  and  the  jour- 
neys of  the  missionaries  Hue  and  Gabet  in  *■  Eastern  Tibet.' 
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tinued  under  the  name  of  Shan-Garjan,  which  nms  to  the  N.E. 
and  ends  on  the  shores  of  the  Japan  Sea.  This  lange  is  of  great 
altitude ;  the  Bogda  Oola,  or  "  Holy  Mountain,"  near  lake  Lop^  i* 
always  covered  with  snow,  which  lies  deep  on  the  whole  chiin 
during  the  winter,  yet  little  falls  on  the  plains  on  acooimt  of  the 
dryness  of  the  air.  Inhere  are  only  two  or  three  showers  of  nin 
annually  on  these  mountains,  which  last  for  a  very  short  time,  and, 
as  in  Tibet,  the  dro^is  are  so  minute  as  scarcely  to  wet  the  ground, 
yet  the  streams  from  them  suffice  for  irrigation. 

In  Tibet  granite  and  Palaeozoic  strata  prevail  without  any  indica- 
tion of  volcanic  action,  except  hot  springs,  of  which  there  are  many. 
The  country  between  the  Thian-shan  and  the  Altai  is  hardly  known 
farther  than  that  grassy  steppes,  intersected  by  many  lakes  and 
offsets  from  the  Altai,  are  the  pasture-grounds  of  the  wandering 
Kirghis.  All  the  plains  of  Mongolia  are  intensely  cold  in  wintei; 
because  the  hills  to  the  N.  are  too  low  to  screen  them  frc»n  the 
polar  blast,  and,  being  higher  than  the  Siberian  deserts,  they  are 
bitterly  cold :  no  month  in  the  year  is  free  from  frost  and  snow^  yet 
it  is  not  deep  enough  to  prevent  cattle  from  finding  pasture. 

§  6.  The  most  remarkable  feature  of  this  part  of  the  table-land  is 
the  desert  of  the  Great  Gobi,  which  is  evidently  the  bed  of  a  dried- 
up  lake.  It  occupies  an  area  of  300,000  square  miles  interrupted 
only  by  a  few  spots  of  pasture  and  low  bushes.  Extensive  tracts 
are  tiat  and  covered  with  small  stones  or  sand,  and,  widely  sepa- 
rated from  one  another,  are  low  hills  destitute  of  wood  and  water 
Its  general  elevation  is  4220  or  3000  feet  above  the  level  of  the 
sea;  but  it  is  intersected  from  W.  to  E.  by  a  depressed  valley, 
aptly  named  Shamo,  or  the  "  Sea  of  Sand,"  containing  salt  W. 
from  this  lies  the  Han-Hai,  the  "  Dry  Sea,"  a  barren  plain  of  shifting 
sand  blown  into  high  ridges.  Here,  as  in  all  deserts,  the  summer 
sun  is  scorching,  no  rain  falls,  and  when  thick  fog  occurs  it  is  only 
the  precursor  of  fierce  winds.  Sandy  deserts  occupy  much  of  the 
country  S.  of  the  Chinese  branches  of  the  Altai.  The  Great  GoH 
is  bounded  on  the  E.  by  the  In-shan  and  Khing-han  mountains,  a 
serrated  granitic  chain  running  from  S.  to  N.,  which  separates  the 
plateau  of  Mongolia  from  the  country  of  Manchouria,  and  joins 
the  Yablonnoi  branch  of  the  Altai  at  right  angles  about  the  55th 
degree  of  N.  latitude.  Little  more  is  known  of  the  south-eastern 
part  of  the  table- land  than  that  it  is  a  mass  of  exceedingly  high 
mountains.  In  fact,  between  the  sources  of  the  Brahma{XK)tra  and 
the  Altai  chain,  1 ,000,000  square  miles  of  the  Chinese  empire  are 
covered  with  mountains. 

ITie  extreme  dryness  of  all  the  table-land  N.  of  the  Himalaya 
arises  from  the  direction  of  the  winds  and  the  great  height  of  these 
mountains  aud  the  southern  i^art  of  the  table-land  in  general.  ^The 


Chap.  V.  THE  ALTAI  CHAIN.  63 

prevailing  winds  come  warm  and  moist  from  the  Indian  Ocean, 
and  their  vapour  is  more  and  more  condensed  into  rain,  as  they 
pass  over  the  plains  of  India  and  the  lower  ranges  of  the  Himalaya, 
till  the  last  remains  of  moisture  fall  in  snow  on  the  tops  of  these 
mountains,  so  that  they  pass  to  the  N.  as  dry  rainless  winds. 

§  7.  The  Altai  mountains,  which  form  the  northern  margin  of  the 
table-land,  are  unconnected  with  the  Ural  chain :  they  are  separated 
from  it  by  400  miles  of  a  low  marshy  country,  part  of  the  steppe  of 
the  Kirghiz,  and  by  the  Dalai  mountains,  a  range  never  exceeding 
2000  feet  in  height,  which  runs  between  the  64th  meridian  and  the 
left  bank  of  the  Irtish.  The  Altai  chain  rises  on  the  right  bank  of 
that  river,  at  the  N.W.  angle  of  the  table-land,  and  extends  in  a 
serpentine  hne  to  the  Pacific,  south  of  the  Gulf  of  Okhotsk,  dividing 
the  high  lands  of  Tartary  and  China  from  the  wastes  of  Asiatic 
Siberia.  Under  various  names,  its  branches  skirt  the  N.W.  side  of 
the  Sea  of  Okhotsk  ;  and  thence  stretching  to  Behring  Strait,  it 
ends  at  East  Cape,  the  most  eastern  extremity  of  the  old  continent, 
the  whole  length  of  the  chain  being  4500  miles.  The  breadth  of 
this  chain  varies  from  400  to  1000  miles,  but  towards  the  105th 
meridian  it  is  contracted  to  about  150  by  a  projection  of  the  desert 
of  the  Great  Gobi.  Its  height  bears  no  proportion  to  its  length  and 
breadth.  The  Altai,  the  only  part  of  the  chain  properly  so  called, 
consists  of  a  succession  of  terraces  of  a  swelling  outline,  descend- 
ing step  by  step  from  the  table-land,  and  ending  in  promontories 
on  the  Siberian  plains,  lliere  are  numerous  large  lakes  on  these 
terraces  and  in  the  valleys,  as  in  the  mountain  systems  of  Europe. 
The  general  form  of  this  part  of  the  chain  is  monotonous  from  the 
prevalence  of  straight  lines  and  smooth  rounded  outlines — long 
ridges  with  flattened  summits  or  small  table-lands  not  more  than 
6000  feet  high,  which  rarely  attain  the  line  of  perpetual  congela- 
tion ;  snow,  however,  is  permanent  on  the  Korgon  table-land,  9900 
feet  above  the  sea,  supposed  to  be  the  culminating  point  of  this 
part  of  the  chain.  These  table- lands  bear  a  strong  resemblance  to 
those  in  the  Scandinavian  mountains  in  barrenness  and  sterility, 
but  their  flanks  are  clothed  with  forests,  verdant  meadows,  and 
pastoral  valleys. 

§  8.  East  of  the  86th  meridian  this  region  of  low  mountains  splits 
into  three  branches,  enclosing  longitudinal  valleys  for  450  miles. 
The  Sayansk  and  Tangnou  mountains,  which  are  the  northern  and 
central  branches,  form  a  mountain-knot  nearly  as  large  as  England, 
which  projects  like  a  huge  promontory  on  the  Siberian  plains  ^  west 
of  Lake  Baikal,  and  is  celebrated  for  the  richness  of  its  mines.  The 
third  branch,  which  is  the  Ulangomula,  lies  S.  of  Lake  Oubsa.   The 
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principal  part  of  the  Baikal  group  is  500  miles  long,  from  10  to  60 
wide,  high,  and  snow-capped,  and  said  to  be  without  glaciers.  It 
flanks  Lake  Baikal  on  the  N.,  the  largest  of  Alpine  lakes,  so  em- 
bedded in  a  knot  of  mountains,  partly  granitic,  partly  volcanic, 
that  rocks  and  pillars  of  granite  rise  from  its  bed.  Q'he  moantains 
south  of  the  Is^e  are  but  the  face  of  the  table-land ;  a  traveller 
ascending  them  finds  himself  at  once  on  the  desert  of  Gobi,  which 
stretches  in  unbroken  monotony  to  the  great  wall  of  China. 

The  Daouria  mountains,  a  volcanic  portion  of  the  Altai,  which 
borders  the  table-land  on  the  N.E.,  follow  the  Baikal  chain;  and 
farther  E,  at  the  sources  of  the  Aldan,  the  Altai  range  takes  the 
name  of  the  Yablonnoi  Khrebet,  which  runs  N.N.E.  till  about  the 
126th  meridian,  where  one  branch  turns  sharp  to  the  E.,  and  stretchet 
south  of  the  Gulf  of  Okhotsk  to  the  coast  of  the  Pacific  opposite  to 
the  island  of  Saghalien ;  while  another  part,  1000  miles  broad,  fills 
the  space  between  the  Sea  of  Okhotsk  and  the  river  Lena,  and 
then,  bending  to  the  N.E.,  ends  in  the  peninsula  of  Kamtchatiuu 
Between  the  western  end  of  Lake  Baikal  and  the  Yablonnoi  Khrebet 
the  mountain  chains  are  parallel,  and  extend  from  the  W.S.W.  to 
the  E.N.E.,  which  is  the  general  direction  of  the  high  lands  in  the 
most  easterly  regions  of  Asia. 

A  great  part  of  the  Altai  chain  is  unknown  to  Europeans;  the 
innumerable  branches  that  penetrate  the  Chinese  empire  are  com- 
pletely so  ;  those  belonging  to  Russia  abound  in  a  great  variety  of 
precious  and  rare  metals  and  minerals  —silver,  copper,  and  iron. 
In  the  Yablonnoi  range  and  other  parts  there  are  mountains  of 
porphyry,  with  red  and  green  jasper ;  coal  is  also  found ;  and  in  a 
branch  of  the  Altai  between  the  rivers  Obi  and  Yenisei  there  are 
mines  of  coal  which,  having  been  set  on  fire  by  lightning,  have 
continued  to  bum  for  more  than  a  century.  The  Siberian  moun- 
tains far  sur^iass  the  Andes  in  the  richness  of  their  gold-mines, 
though  inferior  to  those  of  California  and  Australia.  The  eastern 
flank  of  the  Ural  chain,  and  some  of  the  northern  spurs  of  the  Altai, 
have  furnished  a  vast  quantity  of  that  precious  metal ;  but  a  region 
as  large  as  France,  has  been  discovered  in  Siberia  covered  with  rich 
gold  alluvium.  'J  he  precious  metals  of  the  Ural  and  Altai  are 
situated  principally  in  metamorjihic  rocks,  adjacent  to  the  green- 
stones, syenites,  and  serpentines  that  have  caused  their  change; 
and  as  the  same  formation  prevails  throughout  the  greater  part  of 
the  Altai  and  Aldan  chains  almost  to  Kamtchatka,  there  is  every 
reason  to  believe  that  the  whole  of  that  vast  region  is  auriferous : 
besides,  as  many  of  the  northern  offsets  of  the  Altai  are  particularly 
rich,  it  may  be  concluded  that  the  southern  branches  in  the  Chinese 
empire  are  equally  so.  Thus  southern  Siberia  and  Eastern  Turkistan 
form  an  auriferous  district,  probably  greater  in  area  than  all  Europe, 
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which  extendfi  even  to  our  dominions  in  Hindostan,  where  the 
formations  containing  auriferous  deposits  are  unexplored.' 

§  9.  The  sedimentary  deposits  in  this  extensive  mountain-range 
are  more  ancient  than  the  granite,  syenite,  and  porphyries  ;  conse- 
quently these  igneous  rocks  have  not  here  formed  part  of  the  ori- 
ginal crust  of  the  globe.  Rocks  of  the  Palaeozoic  series  occupy  the 
jrreater  part  of  the  Altai,  and  probably  there  are  none  more  modem. 
There  are  no  volcanic  rocks  properly  speaking,  ancient  or  modem, 
west  of  the  Yenisei;  but  they  abound  from  that  river  to  Kamt- 
chatka,  where  there  are  manv  active  volcanoes. 

The  physical  characters  and  the  fossil  remains  of  this  extensive 
mountain  system  have  little  relation  with  the  geological  formations 
of  Europe  and  America.  Eastern  Siberia  seems  even  to  form  an 
insulated  district  by  itself;  and  that  part  between  the  town  of 
Yakutsk  and  the  mouth  of  the  Lena  appears  to  have  been  raised 
at  a  lat^r  period  than  the  part  of  Siberia  stretching  westward  to  the 
Sayansk  mountains;  moreover  the  most  distinguished  geologists 
have  found  that  the  low  land  of  Siberia  has  been  extended  since 
the  existing  species  of  mollusca  inhabited  the  northern  seas — a  cir- 
cumstance that  must  have  rendered  the  Siberian  climate  still  more 
severe,  and  materially  affected  that  of  all  the  northern  parts  of 
Europe  and  Asia.'  The  elevation  of  the  western  part  of  the  Altai 
was  probably  contemporaneous  with  that  of  the  Ural  mountains. 
<  )n  the  whole,  the  chains  in  the  direction  of  parallels  of  latitude  in 
the  old  continent  are  much  more  numerous  and  extensive  than 
those  in  the  direction  of  the  meridian ;  and  as  they  lie  chiefly  to- 
wards the  equator,  the  internal  forces  that  raised  them  were  pro- 
liably  modified  by  the  rotation  of  the  earth. 

Such  is  the  stupendous  zone  of  high  land  that  girds  the  old  con- 
tinent throughout  its  whole  length.  In  the  extensive  plains  on 
each  side  of  it  several  independent  mountain  systems  rise,  though 
much  inferior  to  it  in  extent  and  height. 


*  Sir  Roderick  I.  Marchison. 

'  From  the  observations  of  Sir  Roderick  I.  Murchison,  M.  dc  Vemeuil, 
M.  Middendorf,  and  Count  Keyserling. 
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CHAPTER    VL 

SECONDARY    MOUNTAIN   SYSTEMS   OF   THE   GREAT   CONTINBNT. 

§  1.  The  Scandinavian  system;  coast  of  Norway;  Faroe  Islands.  §1 
Mountains  of  Great  Britain  and  Ireland.  §  8.  Geological  uniformitjT  of 
the  Scandinavian  and  British  mountain  systems.  §  4.  Ural  chain.  §  5. 
Great  Northern  plain;  pastures,  waste  lands,  steppes;  Turkistan;  Si- 
beria ;  climate  and  productions. 

§  1.  The  Great  Northern  plain  is  broken  by  two  masses  of  high 
land,  in  every  respect  inferior  to  those  described;  they  are  the 
Scandinavian  system  and  the  Ural  mountains,  the  latter  forming 
the  arbitrary  limit  between  EurojK;  and  Asia. 

The  range  of  primary  mountains  which  has  given  its  form  to  the 
Scandinavian  peninsula  begins  at  Cape  Lindesnaes,  the  most 
southerly  point  of  Norway,  and,  after  running  along  its  western 
coast  1000  miles  in  a  north-easterly  direction,  ends  at  Cape  North, 
the  extremity  of  Euroj)e,  on  the  Polar  Ocean.  The  mountains  do 
not  form  a  continued  ridge  or  chain,  but  a  series  of  broad  plateaux 
sei)arated  at  wide  inten'als  by  dcej)  and  narrow  valleys.  The  most 
characteristic  of  these  table-lands  is  the  Dovre-ljeld,  3000  feet  high, 
on  which  Sneehatten  rises  to  7620  feet.  In  the  northern  and  nar- 
rower i>art  of  the  jieninsula  the  Kiolen  mountains  assume  more  the 
fonu  of  a  ridge,  rising  in  Mount  Sulitclma  to  6200  feet  (lat  6^  30'), 
whence  it  falls  in  the  north,  till  at  the  North  Cape  it  is  only  1500 
feet.  It  has  been  compared  to  a  huge  wave  or  billow,  rising 
gradually  from  the  E.,  which,  after  having  formed  a  crest,  falls 
IKjqxjudicularly  into  the  sea  in  the  VV.  It  is  estimated  that  nearly 
4000  stjuare  miles  of  this  peninsula  rise  above  the  line  of  i)crpetuai 
snow. 

At  the  distance  of  360  miles  from  Ca[)e  Lindesnaes  the  mountains 
form  a  single  elevated  mass,  tenninated  by  a  table-land  which 
maintains  an  altitude  of  4500  feet  for  100  miles.  It  slopes  gradually 
towards  the  E.,  and  plunges  at  once  in  high  precipices  into  a  deep 
sea  on  the  W. 

The  surface  is  barren,  marshy,  and  bristled  with  peaks ;  besides, 
an  area  of  600  square  leagues  is  occupied  by  the  Suae  Braen,  the 
most  extensive  continuous  mass  of  jxirpctual  snow  and  glaciers  on 
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e  oontiDBDt  of  Europe.    A  prominent  cinstcr  of  mountainB  fol- 

R,  from  wheae«  a  single  chain,  25  miles  broad,  maintains  an  nn- 

rnptvi]  line  to  the  island  of  Mageroe,  where  it  terminates  its 

'VkiUe  career  in  North  Capo,  a  huge  barren  roch  perpetually  lashed 

"  f  the  surge  of  the  Polar  Ocean,  but  from  the  correspondence  in 

idogicat  atructure  it  mast  be  continued  under  the  sea  to  whore  it 

a  the  schistose  rocks  of  Spitubergcn.     Offsets  from  these 

cover  Fiolandaod  the  low  rocky  table-laod  of  Liiplund ; 

e  TAlleys  and  couutne«  along  tho  eastern  side  of  (bo  chain  abound 

it  forests  and  Alpine  lakea. 

n-bound  coast  of  Norway  is  a  continued  series  of  rocky 
I,  capes,  promontories,  and  precipitous  clifis,reut  inio  chasmfi, 
deb  penetratfi  miles  into  the  heart  of  tbe  mountains.  These 
i,  or  fiords,  are  either  partly  or  entirely  filled  by  arms  of 
h  Mb:  in  the  former  case  the  shores  aie  fertile  and  inhabited,  rind 
IB  whole  country  abounds  in  the  most  picturesque  scenery.  Fiords 
■  AM  peculiar  to  Che  coast  of  Norway ;  they  are  even  more  exten- 
a  in  Greenland  and  Iceland,  and  of  a  more  stem  character,  uver- 
g  by  snow-clad  rocks  and  i^lacicrs. 
I  Afl  the  Gcandinaviun  mountains,  those  of  Fariie,  Britain,  Ireland, 
i  the  north-eastern  parts  of  Iceland,  have  a  similar  character,  and 
le  general  directions,  they  must  have  been  elevated 
s  acting  in  parallel  lines,  and  therefore  may  be  regarded  as 
']e  same  system. 
6  Fariie  Islands,  between  Norway  and  Iceland,  rise  on  a  table- 
d  2000  feet  high,  bounded  by  prTCipitoua  cliffs  which  dip  into 

ft  S  2.  The  two  groups  of  rocky  islands  of  Shetland  and  of  Orkney 
■t  of  tbe  mountain  system  uf  Scotland ;  the  Orkney  Islands 
t  evidently  been  separated  from  the  mainland  by  the  Pentland 
hgivhere  the  currents  run  with  prodigious  violence,  1'he  north- 
t  part  of  Scotland  ia  a  table-land  from  lOCO  to  2000  feet 
I,  which  ends  abruptly  in  the  sea,  covered  with  heath,  peat- 
■,  and  pasture.  The  general  direction  of  the  Scottish  moun- 
i,  Like  those  of  Scandinavia,  is  from  N,B.  to  S.  W.,  divided  by  a 
g  line  of  lakes  in  the  same  direction,  extending  from  the  Sforey 
1  Comjitetely  across  the  island  to  Loch  Linnbe  on  the  S.W. 
«  of  the  most  picturesque  beauty  abound  among  the  Scottish 
The  Grampian  hills,  with  their  offsets  and  some  low 
I,  fill  the  greater  part  of  Scotland  north  of  the  Clyde  and 
Hon  Nevis,  only  4*06  feet  above  the  sea,  is  the  higheat 
»m  in  the  British  iRlands. 
■  'Xbo  K.  coast  of  Scotland  ia  generally  bleak,  though  in  many  parts 
lely  fertile,  and  may  V«  cited  as  a  model  of  good  cultivo- 
!  and  the  midland  and  southern  counties  are  nyt  inferior,  either 
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ill  the  quality  of  the  soil  or  the  excellence  of  the  husbandry.  To 
the  W.  the  country  is  wildly  picturesque  ;  the  coast  of  the  Atbm^ 
|3enetrated  by  the  sea,  which  is  covered  with  islands,  bears  a  strong 
resemblance  to  that  of  Norway. 

There  cannot  be  a  doubt  that  the  Hebrides  formed  part  of  the 
mainland  at  some  remote  geological  x>eriod,  since  they  follow  the 
direction  of  the  mountain  system  in  two  parallel  lines  of  islands  of 
rugged  and  imposing  aspect,  never  exceeding  the  height  of  3200 
feet.  The  undulating  country  on  the  boniers  of  Scotland  becomes 
higher  in  the  W.  of  England  and  North  Wales,  where  the  hills  are 
wild,  but  the  valleys  are  cultivated  like  gardens,  and  the  English 
lake  scenery  is  of  the  most  gentle  beauty. 

Evergreen  Ireland  is  mostly  a  mountainous  country,  and  opposes 
to  the  Atlantic  storms  an  iron-bound  coast  of  the  wildest  aspect; 
but  it  is  rich  in  arable  land  and  pasture,  and  ^x>sses8es  the  most 
picturesque  lake  scenery.  Indeed,  freshwater  lakes  in  the  monntsin 
valleys,  so  peculiarly  characteristic  of  the  European  system,  are 
the  great  ornaments  of  the  high  lands  of  Britain. 

§  3.  The  similarity  in  form  of  Scandinavia,  and  Scotland  with  its 
islands,  and  the  north  of  Ireland,  arises  from  the  similarity  in  their 
geological  structure,  all  being  formed  of  crystalline  rocks,  mixed 
with  volcanic  ones.  Even  the  older  Palaeozoic  strata,  which  con- 
stitute the  mountains  of  Norway,  reappear  in  the  midland  and 
southern  counties  of  Scotland,  and  in  the  N.  of  Ireland ;  and  are 
develojKjd  on  either  side  of  St.  George's  Channel,  and  in  Wales,  where 
they  are  of  enormous  thickness.  Almost  the  whole  of  Ireland,  and 
the  central  imrts  of  England,  belong  to  the  upj)er  Palaeozoic  series; 
and  the  old  red  sandstone,  many  hundred  feet  thick,  stretches  from 
sea  to  sea  along  the  flanks  of  the  Grampians.  The  coal  strata  are 
developed  on  a  great  scale  in  the  S.  of  Scotland  and  the  H,  of 
England.  Examples  of  every  formation,  with  the  exception  of  the 
muschelkalk,  are  to  be  found  in  these  islands.  Volcanic  fires  had 
been  very  active  in  early  times,  and  nowhere  is  the  columnar  stmc^ 
ture  more  beautifully  exhibited  than  in  the  basaltic  clifls  of  Fii^l's 
Cave  and  the  Storr  of  Skye,  in  the  Hebrides;  and  in  the  N.  of 
Ireland  a  base  of  800  square  miles  of  mica-slate  is  covered  with 
volcanic  rocks,  which  end  on  the  coast  in  the  magnificent  columnar 
l)recipice8  of  the  Giant's  Causeway.  Various  parts  of  the  British 
Islands  were  dry  land  while  most  of  the  continent  of  Europe  was 
yet  below  the  ancient  ocean.  The  high  lands  of  Lammcrmuir  and 
the  Grampian  Hills  in  Scotland,  and  those  of  Cumberland  in  England, 
were  raised  before  the  Alps  had  l)egun  to  apjKjar  above  the  waves. 

§  4.  The  Ural  chain,  the  boundary  between  Europe  and  Asia,  is 
the  only  interruption  to  the  level  of  the  great  northern  plain,  and  is 
altogether  unconnected  with,  and  far  sei^rated  from,  the  Altai  moun- 
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»  by  mU  Ukea,  marahea,  and  ik-sertH,    The  ceatral  riilge  may 

ll  tnwd  frum  bi'twveD  tbe  Lake  iil'  Aral  awl  the  Caspiaa  HeA  to 

W  Ourtbem  ertromity  of  Novaia  Zemlia,  a  distance  of  more  than 

pTOO  milea ;  but  as  a  uhain  it  realty  besina  on  the  right  bank  o(  the 

r.  at  the  atcppea  of  the  Kirghiz,  about  the  51at  desroo  of 

l>  lalitnde,  ami  riiim  due  N.  in  a  long  narrow  ridge  to  tbe  Kar- 

a  Gulf  of  tbu  Kam  Sea,  in  the  I'olar  Ocean,  though  It  may  be 

ite  in  dreary  rocks  on  the  W.  Bide  of  Novaia  Zemlia. 

»  MHithern  portion  of  the  Ural  range  is  about  the  height  of  tlie 

tDunUins  in  tbe  Black  Forest  and  the  Vosges ;  and,  with  few 

tptions,  it  is  wooded  to  the  top,  chiefly  by  the  PinlU  cembm. 

M  great  mineral  riches  of  these  moun  tnins — gold,  pktlna,  tnainietia 

1,  and  copper — are  situated  on  the  Siberian  declivity,  iind  mostly 

ween  the  d4th  and  60th  de^ees  of  N.  latitude:  the  only  {art 

t  ii  colonized,  and  one  of  the  most  industrious  and  civilixcd 

B  of  the  Rusaan  Empire.     To  the  S.  the  chain  is  pnstiiral, 

It  lOOmilea  brood, consisting  oF parallel  and  longitadiual  ridges, 

I  highcM  of  which  does  not  exceed  3,500  feet:  in  this  portion 

monds  are  founds.    The  Northern  Oral,  which  ei:teiid»  from  the 

s  of  the  Pctchora,  and   N.  of  Potropdulovsk,  is  still   more 

as  l>een  carefully  explored  by  the  Russian  (;ovemmeiit 

i>  far  as  laL  UH°  30',  where  is  situattid,  perhaps,  the  highest  peak  of 

Um  chun,  the  Eonstaninow  Eamen :  the  average  height  la  about 

SOOOfMt;  two  of  its  peaks,  the  loll  Pass  and  Sabija,  reach  5000; 

no  part  of  it  is  covered  with  peq)etual  snow,  although  in  the  moun- 

"  la  of  Norway,  in  the  same  latitude,  the  anow-linu  descends  to 

0  fbet.  Throitghout  the  Ural  moimtains  there  arc  neither  iire- 
(,  transverse  gorges,  nor  any  of  the  characteristics  of  a  high 
;  the  descent  ou  both  sides  is  so  gentle  that  in  many  places 

it »  difiicult  to  know  where  the  plain  begins ;  and  the  rood  over 
c  ^ain  from  Itussia  by  Ekaterinburg  is  so  low  tliat  it  hardly 
mouQ  tain-pass.  The  gentle  descent  and  sluggishness 
t  the  strrams  produce  extensive  marshes  along  the  Siberian  base 
if  the  range.    To  the  arduous  researches  of  Sir  Roderick  Hurcfaison 

1  H.  de  Vemeuil  we  were  indebted  for  almost  all  ve  know  uf 
a  mooutains,  until  the  lat«  Russian  expedition  sent  out  at  the 

I  of  the  Geographical  Society  of  St,  Petersburg,  under 
Jolouel  Uoffmau.  He  fonnd  them,  on  tbe  western  side,  to  be  com* 
d  of  Siliirian,  Devonian,  and  catboniferous  rocks,  more  or  less 
ictainorphosed ;  on  the  eastern  declivity  the  mines  are 
B  metamorphic  strata,  mixed  with  masses  of  igneous  origin ;  and 
'«  central  axis  is  of  quartzose  and  cbloritic  rocks. 
,  j  5.  Tbe  great  zone  of  high  land  which  extends  along  the  old 
It  from  tbe  Atlantic  to  the  shores  of  the  Pacific  Ocean  divides 
e  low  laiids  into  two  very  unequal  parts,   'i'hat  to  the  north,  only 
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broken  by  the  Ural  range  and  the  Valdai  table-land  of  still  ]m 
elevation,  stretches  from  the  Thames  or  the  British  hills  and  the 
northern  bank  of  the  Seine  to  Behnng  Strait,  including  more  thm 
190  degrees  of  longitude,  and  occupying  an  area  of  about  5,300,000 
Enu;lish  square  miles  at  least,  a  third  more  than  the  whole  of 
Europe.  The  greater  part  of  it  is  perfectly  level,  with  a  few  elcn- 
tions  and  low  hills,  and  in  many  places  a  dead  level  extends 
hundreds  of  miles.  The  country  between  the  Carpathian  and  Uiil 
mountains  is  a  fiat,  on  which  there  is  scarcely  a  rise  in  1500  miles; 
and  in  the  steppes  of  southern  Russia  and  Siberia  the  extent  of 
level  ground  is  immense.  The  mean  height  of  the  level  provinces 
of  France  is  480  feet.  Moscow,  the  highest  point  of  the  Europetn 
plain,  is  also  480  feet  high,  from  whence  the  land  slopes  imper- 
ceptibly towards  the  sea,  both  on  the  N.  and  S.,  till  it  dips  below 
its  level.  Holland,  on  one  side,  would  be  overflowed,  were  it  not 
for  its  dykes,  and  towards  Astrakhan  the  plain  sinks  still  lower. 
With  the  exception  of  the  plateau  of  Ust-Urt,  of  no  great  elevation, 
situated  between  the  Caspian  and  Aral,  and  which  may  be  con- 
sidered the  extreme  southern  point  of  the  Ural  chain,  the  whole  of 
that  extensive  country  N.  and  E.  of  the  Caspian  Sea,  and  around 
the  Lake  of  Aral,  forms  a  vast  cavity  of  18,000  square  leagues,  all 
considerably  below  the  level  of  the  ocean ;  and  the  surface  of  the 
Caspian  sea  itself,  the  lowest  point,  has  a  depression  exceeding  82  feet 

The  European  part  of  the  plain  is  highly  cultivated  and  very 
productive  in  the  more  civilized  countries  in  its  western  and  middk 
regions  and  along  the  Baltic.  The  greatest  amount  of  cultivated 
laud  lies  to  the  N.  of  the  watershed  which  stretches  from  the  Car- 
]>athians  to  the  centre  of  the  Ural  chain,  yet  there  are  large  heaths 
which  extend  from  the  extremity  of  Jutland  through  Luneburg  and 
Westphalia  to  Belgium.  The  laud  is  of  excellent  quality  to  the  S. 
of  it.  Round  Polkova  and  Moscow  there  is  an  extent  of  the  finest 
vegetable  mould,  equal  in  size  to  France  and  the  Spanish  |)eninsula 
to;?ether,  which  forms  [lart  of  the  High  Steppe,  and  is  mostly  in  a 
state  of  nature. 

A  large  portion  of  the  great  plain  is  i)asture-land,  and  wide  tracts 
arc  covered  with  natural  forests,  es|x;cially  in  Poland  and  Russia, 
where  there  are  millions  of  acres  of  pine,  fir,  and  deciduous  trees. 

The  quantity  of  waste  land  in  Europe  is  very  great,  and  there 
arc  also  many  swamps.  A  morass  as  long  as  England  extends 
from  the  52nd  parallel  of  latitude,  following  the  course  of  the  river 
Prepit,  a  branch  of  the  Dnieper,  which  runs  through  its  centre. 
There  are  swanqw  at  the  mouths  of  many  of  the  sluggish  rivers  in 
Central  Europe.  ITiey  cover  1970  miles  in  Denmark,  and  mossy 
quagmires  occur  frequently  in  the  more  northerly  parts. 

Towards  the  eastern  extremity  of  Europe  the  great  plain  assumes 
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the  peculiar  character  of  desert  called  a  steppe^  a  word  supposed  to 
be  of  Tartar  origin,  signifying  a  level  waste  destitute  of  trees :  hence 
the  steppes  may  vary  according  to  the  nature  of  the  soil.  They 
commence  at  the  river  Dnieper  and  extend  along  the  shores  of  the 
Black  Sea.  They  include  all  the  country  N.  and  E.  of  the  Caspian 
Lake  and  Independent  Tartary ;  and  passing  between  the  Ural  and 
Altai  mountains,  they  may  be  said  to  occupy  all  the  low  lands  of 
Siberia.  Hundreds  of  leagues  may  be  traversed  E.  from  the  Dnieper 
without  variation  of  scene.  A  dead  level  of  thin  but  luxuriant 
pasture,  bounded  only  by  the  horizon,  day  after  day  the  same 
unbroken  monotony  fatigues  the  eye.  Sometimes  there  is  the 
appearance  of  a  lake,  which  vanishes  on  approach,  the  phantom  of 
atmospheric  refraction.  Horses  and  cattle  beyond  number  give 
some  animation  to  the  scene,  so  long  as  the  steppes  are  green ;  but 
winter  comes  in  October,  and  then  they  become  a  trackless  field  of 
spotless  snow.  Fearful  storms  rage,  and  the  dry  snow  is  driven  by 
the  gale  with  a  violence  which  neither  man  nor  animal  can  resist, 
while  the  sky  is  clear  and  the  sun  shines  cold  and  bright  above  the 
earthly  turmoil.  The  contest  between  spring  and  winter  is  long 
and  severe,  for 

"  Winter  oft  at  once  resumes  the  breeze, 
Chills  the  pale  morn,  and  bids  his  driving  sleets 
Deform  the  day,  delightless.^' 

Yet  when  gentler  gales  succeed,  and  the  waters  run  oflf  in  torrents 
through  the  channels  which  they  cut  in  the  soft  soil,  the  earth  is 
a^in  verdant.  The  scorching  summer's  sun  is  as  severe  in  its  con- 
sequences  in  these  wild  regions  as  the  winter's  cold.  In  June  the 
8tep})es  are  parched,  no  shower  falls,  nor  does  a  drop  of  dew  refresh 
the  thirsty  and  rent  earth.  The  sun  rises  and  sets  like  a  globe  of 
fire,  and  during  the  day  he  is  obscured  by  a  thick  mist  from  the 
evaporation.  In  some  seasons  the  drought  is  excessive :  the  air 
is  filled  with  dust  in  impalpable  powder,  the  springs  become  dry, 
and  cattle  perish  in  thousands.  Death  triumphs  over  animal  and 
vegetable  nature,  and  desolation  tracks  the  scene  to  the  utmost 
verge  of  the  horizon,  a  hideous  wreck. 

Much  of  this  country  is  covered  by  an  excellent  but  thin  soil,  fit 
for  com,  which  grows  luxuriantly  wherever  it  has  been  sown ;  but 
a  stiff"  cold  clay  at  a  small  distance  below  the  surface  kills  every 
herb  that  has  deep  roots,  and  no  plants  thrive  but  those  which  can 
resist  the  extreme  vicissitudes  of  climate.  A  very  wide  range  is 
hopelessly  barren.  The  country  from  the  Caucasus,  along  the  shores 
of  the  Black  and  Caspian  Seas — a  dead  flat,  twice  the  size  of  the 
British  islands — is  a  desert  destitute  of  fresh  water.  Saline  eflBo- 
rescences  cover  the  surface  like  hoar-frost.  Even  the  atmosphere 
is  saline,  and  many  salt  lakes  in  the  neighbourhood  of  Astrakhan 
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furnish  great  quantities  of  conuuon  salt.  Saline  plaata»  with  patche* 
of  verdure  few  and  far  between,  are  the  only  signs  of  vegetable  life, 
but  about  Astrakhan  there  is  soil  and  cultivation.  Some  low  hilb 
occur  in  the  country'  between  the  Caspian  and  the  Lake  of  Aral,  the 
desert  of  Ust-Urt,  but  it  is  mostly  an  ocean  of  shifting  sand,  often 
driven  by  .ij)] billing  whirlwinds. 

Western  lurkistan  is  a  sandy  desert,  except  on  the  banks  of  the 
Oxus,  the  Zariaf-shan,  and  the  Jaxartes,  and  as  far  on  each  aide  of 
these  rivers  as  canals  can  convey  the  fertilising  waters.  To  the  N., 
barrenness  <:i;ives  place  to  verdure  between  the  river  Cral  and  the 
mountains  of  Central  Asia,  where  the  steppes  of  the  Kirghiz  affoid 
pasture  to  thousands  of  camels  and  cattle,  the  riches  of  theae 
wandering  hordes. 

Siberia  is  either  a  dead  level  or  undulating  surface  of  vast  extent 
lying  between  the  North  Pacific  and  the  Dral  moantains,  the  Polar 
Sea  and  the  Altai  range,  whose  terraces  and  offsets  end  on  these 
plains,  like  headlands  and  promontories  in  the  ocean.  M.  Middeo!- 
dorf,  indeed,  met  with  a  chain  of  most  desolate  mountains  on  the 
shores  of  the  Polar  Sea,  in  the  country  of  the  Samoiedes;  and 
the  almost  una])proachablc  coast  far  to  the  E.  is  unexplored.  The 
mineral  riches  of  the  mountains  have  brought  together  a  population 
who  inhabit  towns  of  some  im]X)rtance  along  the  base  of  the  (Jul 
and  Altai  chains,  where  the  soil  yields  good  crops  and  pasture;  and 
there  are  forests  on  the  slo^x^s  of  the  mountains*  and  on  the  plains. 
There  are  many  hundred  square  miles  of  rich  black  mould  covered 
with  trees  and  grass  uninhabited,  between  the  river  Tobol  and  the 
upper  course  of  the  Obi,  within  a  climate  where  com  would  grow; 
but  this  valuable  district  is  studded  with  small  lakes  of  salt  and 
fresh  water,  a  chain  of  which,  300  miles  loilg,  skirts  the  base  of  the 
Ural  mountains. 

North  of  the  62nd  i)arallel  of  latitude  com  does  not  ri])en,  on 
account  of  the  biting  blasts  from  the  Icy  Ocean  which  sweep 
supreme  over  these  unprotected  wastes.  In  a  higher  latitude  even 
the  intemiinable  forests  of  gloomy  firs  are  seen  no  more ;  all  is  s 
wide-spreading  desolation  of  salt  steppes,  boundless  swamps,  and 
lakes  of  salt  and  fresh  water.  The  cold  is  so  intense  there  that  the 
spongy  soil  is  perpetually  frozen  to  the  depth  of  some  himdred  feet 
below  the  surface ;  and  the  surface  itself,  not  thawed  before  tlie  end 
of  June,  is  again  ice-bound  by  the  middle  of  September,  and  deep 
snow  covers  the  ground  nine  or  ten  months  in  the  year.  Plapfuly 
gales  of  wind  are  not  frequent  during  winter,  but  when  they  do 
occur  no  living  being  ventures  to  face  them.  Admiral  Wrangel, 
who  travelled  durhig  the  most  intense  cold  from  the  mouth  of 
the  river  Kolyma  to  Behring  Strait,  gives  an  appalling  account 
of  these  deserts.     ''Here  endless  snows   and  ice -covered  rocks 
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il  the  horiion,  naiure  lies  shrouded  io  all  but  perpetutd  wioter, 

Utnl  conflicl  witli  privation  and  with  the  terrors  of 

I  and  hunger — the  grave   of  nature,  which  contains  only  the 

s  of  unolher  world.     The  people,  and  even  the  snow,  smoka; 

this  eva[>oratiijii  is  instantly  changed  into  miillonH  of  needlea 

l^loe.  which  iiinke  n  noise  in  tbe  oir  like  the  sound  of  Uira  aatia  or 

iek  silk.     The  reindeer  take  to  the  forest,  or  crowd  together  for 

;  and  the  raveii  alone,  the  dark  bird  uf  winter,  still  cleaves  the 

f  urwitb  Blow  and  heavy  wiii^,  leavinji;  behind  him  a  long  line 

Iftliin  vapour,  marking  the  track  of  his  solitary  Sight.    I'he  trunks 

T  tbe  thivkest  trees  are  rent  with  a  loud  noise,  masses  of  rock  are 

a  fnnu  their  sites,  the  ground  in  the  VAlleys  is  rent  into  yawning 

1,  fttim  which  the  waters  that  are  underneath  rise,  givinj;;  off 

d  of  vapour,  and  inunediittely  become  Ice.     The  atmosphere 

»  dense,  and  the  glistening  etara  are  dimmed.    The  doge  out- 

Id  tlie  hilts  of  tbe  Siberians  burrow  iu  the  snow,  and  their  howling 

■  tntarvBU  of  six  or  eight  hours,  interrupts  the  general  silence  of 

In  many  parts  of  Siberia,  however,  the  suu,  though  Ion;: 

Il  ikim  these  disoial  regions,  does  not  leave  them  to  utter  dark- 

The  extraordinary  brilliancy  of  the  stars,  and  the  gleaming 

Height,  produce  a  kind  ot  twilight,  which  is  augmented  by  the 

"d  coi'uscationti  of  the  anriirB  borealia. 

y  ^IIm  scorching  heat  of  the  summer's  sun  produces  a  change  like 

1  the  southern  provinces  of  the  Siberian  wilderness,     'i'he 

W  is  scarcely  gone  before  the  ground  is  covered  with  verdure, 

of  various  hues  blossom,  bear  their  seed,  and  die  in 

■ibir  mntitha,  when  winter  again  resumes   its  empire.     A  still 

iF-lived  vegetation  scaroely  covers  the  plains  iu  the  far  north, 

it  on  the  shores  of  the  ley  Sea,  even  reindeer  moss  grows  scantily. 

■Hie  abtmdmicfl  of  fut^bearing  animals  in  the  lesa  rigorous  parts 

T  the  Siberian  deserts  has  tempted  the  Busaians  to  toloalM  and 

lild  towns  on  these  frozen  plains.     Yakutsk,  on  the  river  Lena, 

■  1'  30"  N,  lat.,  is  probably  the  coldest  town  on  the  earth. 

•  ground  is  perpetually  frozen  to  the  depith  of  more  than  400 

t,  of  which  three  feet  cmly  aro  thawed  in  summer,  when  Fahien- 

fA  thennomet^r  in  fref^uently  77°  in  the  shade ;  but  as  there  is 

ions  no  frost  for  four  months,  larch  forests  cover  the 

1,  wad  wheat  and  rye  produce  from  fifteen  to  iorty  fold.     In 

IT  th«  cold  b  so  intense  that  mcrcary  is  constantly  frozen  for 

j,  and  occasionally  even  for  three. 

*  la  IKtU  Admiral  (Ihen  Lkutenaut)  Wrsngel  tnveltcil  fmm  the  nonth 
W  Um  Kolyms  to  &« bring  Strait  on  elcdgei  ilrnwn  by  doga.  and  ninde  s 

*  1,  bat  rain,  attempt  to  rcnch  the  North  Pole.     Linuttiuut  Aujou,  Mt  the 
ietitn«.>ail»d  from  the  niniithorifae  river Tuda.  r«iehi»l  7e°  Wiiraorlh 

Ht<Mte,  and  pawed  round  (he  gmnp  of  liUnds  rif  Ni^vr  Sihcrii. 
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CHAPTEB    VII. 

THE  SOUTHERN  LOW  LANDS  OF  THE  GREAT  CONTINENT. 

§  1.  Climatic  character  of  the  southern  low  lands.  §  2.  Tartar  countrv  of 
Manchuria;  Russian  colonization  on  the  Amur.  §3.  Plain  of  China; 
emigration  of  Chinese  to  British  colonies.  §  4.  Indo-Chinese  peninsula; 
physical  features  of  the  mountains  and  plains.  §  5.  Kingdom  of  Siam ; 
productions  and  trading  capabilities.  §  6.  Plains  of  Hindostan ;  Ganges 
valley ;  table-land  of  the  Deccan ;  island  of  Ceylon.  §  7.  The  Punjab. 
§  8.  The  great  Indian  desert.  §  9.  Arabian  peninsula.  §  10.  Syria; 
mountains  of  Lebanon ;  character  of  the  valleys  and  plains ;  the  Jordan 
valley  ;  the  Dead  Sea,  its  depression  below  the  level  of  the  Mediterranean. 

§  1.  The  low  lands  to  the  south  of  the  great  mountain  girdle  of  the 
old  continent  are  much  broken  by  its  offsets,  by  separate  groups  of 
mountains,  and  still  more  by  the  deep  indentations  of  bays  and  large 
seas.  Situate  in  lower  latitudes,  and  sheltered  by  mountains  from 
the  cutting  Siberian  winds,  these  plains  are  of  a  more  tropical  cha- 
racter than  those  to  the  N. ;  but  they  are  strikingly  contrasted  in 
their  different  parts — either  rich  in  all  the  exuberance  that  heat, 
moisture,  and  soil  can  produce,  or  covered  by  wastes  of  bare  sand 
— in  the  most  advanced  state  of  cultivation,  or  in  the  wildest  garb 
of  nature. 

The  barren  parts  of  the  low  lands  lying  between  the  eastern 
shores  of  China  and  the  Indus  bear  a  small  proportion  to  the  riches 
of  a  soil  vivified  by  tropical  warmth  and  watered  by  the  periodical 
inundations  of  the  mighty  rivers  that  burst  from  the  icy  regions  of 
Tibet  and  the  Himalaya.  On  the  contrary,  the  favoured  regions  in 
that  ]>art  of  the  low  lands  lying  between  the  Persian  Gulf,  the 
Euphrates,  and  the  Atlas  mountains,  are  small  when  compared  with 
the  immense  expanse  of  the  Arabian  and  African  deserts  scorched 
by  a  tropical  sun.  The  blessing  of  a  mountain-zone,  pouring  out 
its  everlasting  treasures  of  moisture,  the  life-blood  of  the  soil,  is 
nowhere  more  strikingly  exhibited  than  in  the  contrast  formed  by 
these  two  regions  of  the  globe. 

§  2.  The  Tartar  country  of  Manchuria,  watered  by  the  southern 
tributaries  of  the  Amur,  is  a  varied  region  of  wooded  mountains  and 
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fertile  river  valleys,  bounded  on  the  W.  by  the  moving  sands  of  the 
Gobi  desert. 

The  Russians,  by  gradual  encroachments,  were  virtually  in  pos- 
session of  this  country  before  the  late  Chinese  war ;  but  when  the 
allied  English  and  French  armies  were  before  Pekin,  the  Russian 
minister  took  that  favourable  moment  to  offer  his  mediation,  and  in 
January,  1861,  the  district  of  the  Amur  (Amurskaya)  was  ceded  to 
Russia  by  treaty,  besides  an  extensive  region  along  the  coast  to  the 
S.,  bounded,  on  the  W.,  by  the  Usuri,  and  on  the  S.  by  the  river 
Tumen.  By  this  cession  Russia  obtained  a  harbour  (Possiet  Bay), 
in  lat.  42*^  SO*,  in  the  sea  of  Japan,  which  is  open  to  vessels  nearly 
all  the  year  round,  and  thus  possesses  great  advantage  over  Nico- 
laievsk  at  the  mouth  of  the  Amur,  which  is  closed  by  ice  for  five 
months  in  the  year.  A  little  to  the  N.  of  Possiet  Harbour  is  Guerin 
Gulf,  from  which,  by  means  of  the  Suifun  and  Lefu  rivers  there  is 
water  communication  (with  a  portage  of  only  a  few  miles)  from 
these  southern  possessions  to  the  Usuri  river,  which  latter  is  navi- 
gable by  steam-vessels  nearly  its  whole  length  into  the  Amur.  In 
this  extensive  country  there  are  now  50,000  Russian  colonists,  and 
the  whole  population  amounts  to  74,000,  spread  over  an  area  of 
361,000  square  miles.  Near  the  coast  stretches  the  range  of  the 
Sikhota  Alin  mountains,  and  the  country  possesses  forests  of  valuable 
timber ;  but  there  are  areas  capable  of  feeding  thousands  of  cattle, 
and  of  producing  European  grains  to  an  unlimited  extent.  In  the 
N.,  the  mountains  of  the  upper  Amur  abound  in  fine  forests  of  oak, 
and  are  rich  in  gold,  silver,  and  iron.  Gold  is  found  in  all  the 
tributaries  of  the  Amur  that  have  their  sources  in  these  mountains ; 
but  mining  operations  are  limited  to  about  four  months,  on  account 
of  the  severity  of  the  climate. 

The  Kirghis  occupy  a  region  of  central  Asia  lying  between  Siberia 
and  the  northern  provinces  of  China.  It  consists  of  vast  steppes  or 
plains,  of  which  the  sandy  desert  of  the  Great  Gobi  is  the  most  ex- 
tensive. They  are  luxuriant  with  grass  and  wild  flowers  for  a  few 
weeks  in  spring,  when  they  are  covered  with  innumerable  groups  of 
herds  and  flocks,  which,  although  numbered  by  tens  of  thousands, 
appear  only  like  spots  on  these  all  but  boundless  plains.  In  summer, 
whirlwinds  sweep  over  the  withered  grass  of  this  burning  waste,  and 
clouds  of  dust  suffocate  both  man  and  beast ;  in  winter,  icy  gales  of 
irresistible  fury  blind  with  snow  and  freeze  to  death.  Then  the 
inhabitants  take  shelter  with  their  flocks  and  herds  in  villages,  or 
groups  of  dwellings  something  between  a  hut  and  a  tent.  They  are 
the  descendants  of  a  race  of  conquerors ;  many  of  their  chiefs  trace 
their  descent  from  Tamerlane,  others  from  Genghis  Khan ;  they  are 
dignified,  brave,  and  daring  horsemen. 

Such  are  the  people  that  the  Russians  are  now  bringing  into  sub- 
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jection,  and  have  surrounded  by  fortified  settlements,  in  order  to  add 
to  the  warlike  i)opulation  of  the  empire  some  hundred  thousand 
horsemen  whose  military  spirit  and  power  of  endurance  are  probably 
unequalled.  They  have  already  got  possession  of  a  large  territory 
containing  silver-mines  of  immense  value  in  exchange  for  some 
gaudy  trifling  ornaments.  Thus  within  a  few  years  Russia  has 
added  to  her  enormous  empire  a  territory  equal  in  extent  to  France 
and  Italy,  rich  beyond  expression  in  the  precious  metals,  iron,  and 
coal.  Already  the  foundries  furnish  the  Russian  steam  navy  in  the 
North  Pacific  with  guns  and  machinery,  and  they  expect  in  a  short 
time  to  supersede  the  British  manufactures  in  all  kinds  of  cutlery 
and  muskets.  The  Russians  will  probably  extend  their  newly  ac- 
quired province  indefinitely,  for  the  government  sends  travellers 
and  engineers  in  all  directions ;  and  such  is  the  activity  and  skill 
with  which  that  people  improve  their  advantages,  that  it  will 
require  all  the  enterprise  of  our  merchants,  and  the  superior  quality 
of  their  goods,  as  well  as  of  the  other  European  nations,  to  prevent 
Russia  from  obtaining  the  entire  and  exclusive  commerce  of  Eastern 
Asia.^ 

In  the  Corea  there  are  cultivated  plains  at  the  base  of  its  central 
mountain  range. 

§  3.  China  is  the  most  productive  country  on  the  face  of  the 
earth  ;  an  alluvial  plain  of  210,000  square  miles,  formed  by  one  of 
the  most  extensive  river-systems  in  the  old  world,  occupies  its 
eastern  i)art.  This  plain,  seven  times  the  size  of  Lombardy,  is  no  leas 
fertile,  and  well  irrigated  by  canals.  The  Great  Canal  traverses  the 
eastern  part  of  the  plain  for  700  miles,  of  which  500  are  in  a  straight 
line  of  considerable  breadth,  with  a  current  in  the  greater  part  of  its 
course.  Most  of  the  plain  is  laid  out  in  rice  and  garden  grounds,  the 
whole  cultivated  with  the  spade.  The  tea-plant  grows  on  low  hills 
between  the  30th  and  32nd  parallels  of  N.  latitude,  ofi'sets  from  the 
Pe-ling  chain.  The  cold  in  winter  is  much  greater  than  in  cor- 
responding latitudes  in  Europe,  and  the  heat  in  summer  is  propor- 
tionally excessive. 

Notwithstanding  the  great  fertility  of  China,  and  the  extent  of 
arable  land,  the  people  are  always  pressed  for  the  means  of  subsist- 
ence, and  they  never  were  more  so  than  now  when  the  population 
amounts  to  412,000,000;  hence  emigration  is  going  on  to  an  un- 
precedented amount  to  Australia,  California,  and  even  the  Antilles. 
Queen  Victoria  has  at  present  at  Hong-Kong,  in  her  Malayan 
colonies,  and  in  Australia,  more  than  a  quarter  of  a  million  of 
Chinese  subjects.  This  singular  people,  more  laborious  and  ingeni- 
ous than  the  most  civilized  of  the  Asiatic  nations,  is  so  much 
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addicted  to  commercial  intercourse  with  strangers  that  it  will 
depend  upon  ourselves  to  improve  it  to  the  best  advantage.  The 
Russians  have  had  for  many  years  a  religious  establishment  at 
Pekin,  but  of  late  there  have  been  attached  to  it  men  of  science, 
miners,  geologists,  and  astronomers,  by  whose  observations  it  appears 
that  China  abounds  in  palaeozoic  rocks  with  many  ores  and  metals, 
vast  and  rich  coal-6elds,  and,  with  a  most  productive  soil,  forms  a 
wondrous  mine  of  wealth,  which,  when  opened  out  to  Europeans, 
may  operate  greater  changes  in  our  international  relations  than  all 
the  gold  of  California,  Australia,  or  British  Columbia.* 

§  4.  The  Indo-Chinese  peninsula,  lying  between  China  and  the 
Brahmapootra  river,  has  an  area  of  77,700  square  miles,  and  pro- 
jects 1300  miles  into  the  ocean.  Several  parallel  chains  of  great 
length  detach  themselves  from  the  eastern  extremity  of  the  Hima- 
laya, and  fonn  a  number  of  deep  valleys  through  which  flow  the 
upper  waters  of  the  great  rivers  of  this  region.  They  extend  in  a 
Boutherly,  but  diverging,  direction,  and  spread  like  the  spokes  of 
a  fan  through  the  Indo-Chinese  peninsula,  leaving  large  and  fertile 
countries  between  them.  The  Birmano-Siamese  chain  is  the  most 
extensive,  reaching  to  Cape  Romania  at  the  extremity  of  the  Malay 
peninsula,  the  most  southerly  point  of  the  Asiatic  continent,  from 
whence  it  may  be  traced  through  the  island  of  Sumatra,  parallel  to 
the  coast,  and  also  in  the  islands  of  Banca  and  Billiton,  where  it 
terminates. 

Another  range,  called  the  Laos-Siamese  chain,  forms  the  eastern 
boundary  of  the  kingdom  of  Siam,  and  the  Annamatic  chain,  from 
the  same  origin,  separates  the  empire  of  Annam  from  Tonquin  and 
Cochin  China. 

These  slightly  diverging  lines  of  mountains  yield  gold,  ores  of 
silver  and  tin,  and  precious  stones,  as  rubies  and  sapphires.  Moun- 
tains in  low  latitudes  have  nothing  of  the  severe  character  of  those 
in  less  favoured  climes.  Magnificent  forests  reach  their  summits ; 
trees  yielding  spices,  dyes  of  brilliant  tints,  medicinal  and  odoriferous 
plants,  clothe  their  declivities ;  and  in  the  low  grounds  the  fruits 
of  India  and  China  grow  in  perfection  in  a  soil  which  yields  three 
croi^s  of  grain  in  the  year.  The  plains  lying  between  these  moun- 
tains are  very  extensive.  The  Birman  empire  alone,  which  occupies 
the  valley  of  the  Irrawady,  is  said  to  be  as  large  as  France,  and  not 
less  fertile,  especially  its  southern  part,  which  is  the  granary  of  the 
empire.  Magnificeut  rivers  intersect  the  alluvial  plains,  whose  soil 
they  have  brought  down  from  the  table-land  of  Tibet,  and  still  con- 
tinue to  deposit  in  great  quantities  in  the  deltas  at  their  mouths. 


'  Address  by  Sir  Roderick  I.  Murchison,   President  of  the  Royal  Geo- 
{^raphical  Society. 
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The  luue  of  this  piitUnu,  and  a  pan  of  the  Deccan,  is  granite,  the 
rtwt  one  viut  sheet  nl  basalt.  Thougli  [nsscsiiing  the  dianioDd-miDes 
of  GolcoDita,  the  true  richtNt  of  tho  couiitiy  uonsiKt  in  ita  vcgetatrie 
incmld,  which  in  Mysore  i»  100  fvet  thick,  an  inezhauEtible  aouroe 
of  fertility.  The  soanxiMta  nn  the  two  sidos  of  the  |MniDsala  are 
eaientially  different ;  that  of  Malabar  on  the  western  «de  is  rocky, 
but  in  many  ]«rtK  well  cultivated,  and  itH  niountaina  ciivcred  with 
forest*  form  a  contiunona  wail  of  very  Bimplo  slnictiiro,  510  milei 
loD^  and  rather  more  than  3000  feet  hiE;h.  On  the  coast  of  Ooro- 
inandel  the  mountain*  are  bare,  lower,  frequently  interruptvd,  and 
the  wide  maritime  plains  are  generally  pnichod. 

Tlie  island  of  Ceylon,  nearly  equal  in  extent  to  Ireland,  is  almoel 
joined  to  the  aonthem  eitremity  of  the  j«nin«u!a  by  sandbanks  and 
small  isliuwb,  between  which  the  water  is  only  sii  feet  deep  at  low 
water  B[ffing-tides,  'llie  Sanscrit  name  of  the  "Reaplanilent"  loay 
convey  some  idea  of  this  island,  rich  and  fertile  in  soil,  adorned  by 
lofly  mountains,  numerous  streams,  and  primeval  forests ;  in  addi- 
tion to  which  it  is  rich  in  precious  atoncH,  and  has  fisheries  of 
]iearl  oyster  on  its  coast. 

§  7.  I'he  Asiatic  low  lands  are  continuixl  westward  from 
Indian  peninsula  by  the  Punjab  and  the  ;;reat  Indian  desert. 
Punjab,  or  coimtry  of  the  five  rivers,"  lies  at  the  base  of 
Wost*m  Himalaya.  Its  most  northern  part  consists  of  fertile 
torracee  highly  cultivated,  and  valleys  at  the  foot  of  the  mountaioB. 
It  is  very  productive  in  the  plain  within  tlie  limits  of  the  gieriodical 
innndations  of  the  rivers,  and  where  it  is  wotero<i  by  canals;  in 
other  |mrts  it  is  pastoral.  The  kingdom  of  lAhore  occupieu  the 
chief  part  of  the  Punjab,  and  the  city  of  that  name  near  the  Ravee, 
the  ancient  Hydraotes,  once  the  rival  <il  Delhi,  lies  on  the  bi^ 
roBrl  from  Persia  to  India,  and  was  made  the  capitAl  of  the  kingdom 
by  the  founder  of  the  Hikh  dynasty,  Bunjcet  Sing,  'llie  lower 
valley  of  the  Indus  throu);liunt  partakes  of  the  character  uf  the 
Punjab ;  it  is  fertile  only  where  it  is  within  reach  of  water 
of  it  consists  of  a  delta,  which  is  occupied  by  rice-grouuds ; 
is  jKuture,  or  sterile  salt  mashes. 

£  8.  Sooth  of  the  Punjab,  ami  between  the  plains  of  Hi 
Nitd  the  left  bank  of  the  Indus,  lies  the  great  Indian  desert,  wh! 
is  about  400  miles  broad,  and  becomes  more  and  more  arid  as  it 
apiironches  the  river.  It  consists  of  u  hitrd  clay,  covered  with 
shifting  sand,  driven  into  high  mounds  hy  the  winil,  with  some  parts 
that  are  verdant  after  the  rains.  In  tlie  province  of  Cutch,  S.  of  the 
desert,  a  s)>ace  of  TOGO  square  miles,  known  as  the  linnn  of  Cutch, 
is  alternately  a  sandy  salt-plnin,  level  as  a  buwling-grcen,  and  an 
inland  sea.  [u  April  the  waves  uf  the  sea  arv  driven  over  it  by  the 
prevailing  winds,  leaving  only  a  few  grassy  eiuinenceB,  the  resort 
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the  wild  aaa.  The  desert  of  Mekran,  ao  rquallj  barren  tract,  ex- 
tmifii  klnn^  the  Gulf  ul'  Otiiati  from  the  niuuths  of  the  Indua  to  tiie 
"  'sian  Uulf:  In  some  places,  bowuver,  it  iirodutes  tho  ludiuii 
I  and  the  aromatic  Bhrubs  of  Arabia  Felii.  It  was  the  Unt 
Hlo*«>I  by  Alexaudor  the  Great  returning  with  bis  army  froni 

Vhe  scathed  shores  of  the  Arabitm  Quif,  where  not  a  blade  of 
■  fresbeoa  the  arid  sands,  and  the  uncultivated  valleys  of  the 
jf|plii«t«a  and  Tigris,  separate  Asia  from  Arabia  and  northern  Africa, 
it  desert  regions  in  the  old  world. 
S  0.  Tho  p«iiiiuiula  of  Arabia,  divided  into  tivo  parts  by  the 
TrojMc  of  Cancer,  is  about  four  times  tho  size  of  France.  'J'here 
are  no  rlvErs,  and  few  streams  or  springs  nourish  the  thirsty  land, 
_|r^""  baireu  <ands  are  scorched  by  a  fierce  sun.  The  coutral  part 
lk»  table-land  of  moderate  height,  which,  however,  is  said  to  have 
^■elevation  of  8000  feet  in  the  southern  province  of  Haudramaut, 
^b  the  S.  of  the  tropic  it  is  an  almost  in  terminable  oc«an  of  drifting 
^hd,  wafted  in  clouds  by  the  gale,  and  dreaded  even  by  the  wan- 
^king  Bedouin.  At  wide  intervals,  long  narrow  deprettsiuns  cheer 
Hh  eya  with  brushwood  and  verdure.  More  to  the  N.,  mountains 
Hid  hills  cross  the  peninsula  from  S.R,  to  N.W.,  enclosing  culti' 
^■ted  and  fine  paiiiorsL  valleys  adorned  by  groves  of  the  date-palm 
Bd  aramatic  shrubs.  Mr.  Gifibrd  Palgiave  in  the  years  1863-63, 
^BMad  Arabia  from  a  point  two  days'  journey  to  the  N.  of  Akaba  In 
H(  Khatif  on  the  shores  of  the  Persian  Gulf.  In  this  journey,  a 
HMorleii  desert  was  first  crossed,  which  reaches  to  the  frontiers  of 
^H  kingdom  of  Jebel  Shomer.  This  independent  princii>ality  lias 
■tveen  26'  30'  and  32"  N. ;  and  between  33°  40'  and  44°  E.  TVo- 
^■jMa  of  this  area  is  desert ;  but  there  are  here  and  there  fertile 
^■gU,  such  as  Jailf,  where  lovely  villages  nestle  nader  palm  trees, 
^■d  such  as  the  approaches  to  Hall,  the  capital,  lying  among  fertile 
KlejrB,  many  of  which  run  from  N.E.  to  S.W.  The  kingdom  of 
^H  Walubees,  whose  sovereign  is  known  as  the  Sultan  of  Nejod, 
^BB.E.  of  the  kingdom  of  Jebel  Shomer,  and  extends  over  10^  of 
^■llude  ud  7°  of  longitude,  being  bounded  on  the  W.  by  one 
^Ww  pilgrim  rout«s  to  Medina,  and  on  the  E.  by  the  Persian  Gulf, 
^■k  Ck|nt4^  is  Biadb,  and  besides  this  there  are  many  forti6ed 
^■fBB  stMiding  iu  the  midst  of  widely  extended  gardens  and  pUn- 
^■fena.  The  broad  and  fertile  plains  of  Kasim  intervene  between 
^Bwl  Bhomer  aud  the  Nejed  territory,  the  latter  of  which  is  ele- 
^■Bd,  wd  iu  it  is  fouud  the  plateau  of  Jebel  Toweyk,  having  an 
^prMiMi  of  2000  feet.  This  plateau  has  much  pasture-land,  on 
^■icb  cauutless  herds  of  camels  and  sheep  graze.  It  is  intersected 
^■'S  net-work  of  valleys  full  of  life  and  cultivation.  Eastward  of 
Hldb  fine  pkiue  were  found ;  but  before  reaching  the  fertile  coast- 
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The  base  of  this  plateau,  and  a  part  of  the  Deccan,  is  granite,  the 
rest  one  vast  sheet  of  basalt.  Though  possessing  the  diamond-mines 
of  Golconda,  the  true  riches  of  the  country  consist  in  its  vegetable 
mould,  which  in  Mysore  is  100  feet  thick,  an  inexhaustible  source 
of  fertility.  The  sea-coasts  on  the  two  sides  of  the  peninsula  are 
essentially  different ;  that  of  Malabar  on  the  western  side  is  rocky, 
but  in  many  imris  well  cultivated,  and  its  mountains  covered  with 
forests  form  a  continuous  wall  of  very  simple  structure,  510  miles 
long,  and  rather  more  than  3000  feet  high.  On  the  coast  of  Coro- 
mandel  the  mountains  are  bare,  lower,  frequently  interrupted,  and 
the  wide  maritime  plains  are  generally  j>arched. 

The  island  of  Ceylon,  nearly  equal  in  extent  to  Ireland,  is  almost 
joined  to  the  southern  extremity  of  the  peninsula  by  sandbanks  and 
small  islands,  between  which  the  water  is  only  six  feet  deep  at  low 
water  8j)ring-tides.  The  Sanscrit  name  of  the  "  Resplendent "  may 
convey  some  idea  of  this  island,  rich  and  fertile  in  soil,  adorned  by 
lofty  mountains,  numerous  streams,  and  primeval  forests ;  in  addi- 
tion to  which  it  is  rich  in  precious  stones,  aud  has  fisheries  of  the 
l^earl  oyster  on  its  coast. 

§  7.  The  Asiatic  low  lands  are  continued  westward  from  the 
Indian  peninsula  by  the  Punjab  and  the  great  Indian  desert.  "  The 
Punjab,  or  country  of  the  five  rivers,"  lies  at  the  base  of  the 
Western  Himalaya.  Its  most  northern  part  consists  of  fertile 
terraces  highly  cultivated,  and  valleys  at  the  foot  of  the  mountaina 
It  is  very  productive  in  the  plain  within  the  limits  of  the  periodical 
inundations  of  the  rivers,  and  where  it  is  watered  by  canals;  in 
other  i)art8  it  is  pastoral.  The  kingdom  of  Lahore  occupies  the 
chief  ijart  of  the  Punjab,  and  the  city  of  that  name  near  the  Ravee, 
the  ancient  Hydraotes,  once  the  rival  of  Delhi,  lies  on  the  high 
road  from  Persia  to  India,  and  was  made  the  capital  of  the  kingdom 
by  the  founder  of  the  Sikh  dynasty,  Runjeet  Sing.  The  lower 
valley  of  the  Indus  throughout  partakes  of  the  character  of  the 
Punjab  ;  it  is  fertile  only  where  it  is  within  reach  of  water ;  much 
of  it  consists  of  a  delta,  which  is  occupied  by  rice-grounds ;  the  rest 
is  pasture,  or  sterile  salt  mashes. 

§  B.  South  of  the  Punjab,  and  between  the  plains  of  Hindostan 
and  the  left  bank  of  the  Indus,  lies  the  great  Indian  desert,  which 
is  about  400  miles  broad,  and  becomes  more  and  more  arid  as  it 
a]>prr>aches  the  river.  It  consists  of  a  hard  clay,  covered  with 
shifting  sand,  driven  into  high  mounds  by  the  wind,  with  some  parts 
that  are  verdant  aft^jr  the  rains.  In  the  province  of  Cutch,  S.  of  the 
desert,  a  sjwice  of  7000  square  miles,  known  as  the  Runn  of  Catch, 
is  alternately  a  sandy  salt-plain,  level  as  a  bowling-green,  and  an 
inland  sea.  In  April  the  waves  of  the  sea  are  driven  over  it  by  the 
prevailing  winds,  leaving  only  a  few  grassy  eminences,  the  resort  of 
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the  wild  ass.  The  desert  of  Mekran,  an  equally  barren  tract,  ex- 
tends along  the  Gulf  of  Oman  from  the  mouths  of  the  Indus  to  the 
Persian  Gulf:  In  some  places,  however,  it  produces  the  Indian 
palm  and  the  aromatic  shrubs  of  Arabia  Felix.  It  was  the  line 
followed  by  Alexander  the  Great  returning  with  his  army  from 
India. 

llie  scathed  shores  of  the  Arabian  Gulf,  where  not  a  blade  of 
grass  freshens  the  arid  sands,  and  the  uncultivated  valleys  of  the 
Euphrates  and  Tigris,  separate  Asia  from  Arabia  and  northern  Africa, 
the  mu8t  desert  regions  in  the  old  world. 

§  9.  The  peninsula  of  Arabia,  divided  into  two  parts  by  the 
Tropic  of  Cancer,  is  about  four  times  the  size  of  France.     There 
are  no  rivers,  and  few  streams  or  springs  nourish  the  thirsty  land, 
whose  barren  sands  are  scorched  by  a  fierce  sun.     The  central  part 
is  a  table-land  of  moderate  height,  which,  however,  is  said  to  have 
an  elevation  of  8000  feet  in  the  southern  province  of  Haudramaut. 
To  the  S.  of  the  tropic  it  is  an  almost  interminable  ocean  of  drifting 
aand,  wafted  in  clouds  by  the  gale,  and  dreaded  even  by  the  wan- 
dering Bedouin.    At  wide  intervals,  long  narrow  depressions  cheer 
the  eye  with  brushwood  and  verdure.     More  to  the  N.,  mountains 
and  hills  cross  the  peninsula  from  S.E.  to  N.W.,  enclosing  culti- 
vated and  fine  pastoral  valleys  adorned  by  groves  of  the  date-palm 
and  aromatic  shrubs.     Mr.  Gifford  Palgrave  in  the  years  1862-63, 
CToased  Arabia  from  a  point  two  days'  journey  to  the  N.  of  Akaba  to 
£1  Khatif  on  the  shores  of  the  Persian  Gulf.     In  this  journey,  a 
waterless  desert  was  first  crossed,  which  reaches  to  the  frontiers  of 
the  kingdom  of  Jebel  Shomer.     This  independent  principality  lies 
between  26°  SO'  and  32°  N. ;  and  between  33°  40^  and  44°  E.    Two- 
thirds  of  this  area  is  desert ;  but  there  are  here  and  there  fertile 
spots,  such  as  Ja^f,  where  lovely  villages  nestle  under  palm  trees, 
and  such  as  the  approaches  to  Hall,  the  capital,  lying  among  fertile 
valleys,  many  of  which  run  from  N.E.  to  S.W.     The  kingdom  of 
the  Wahabees,  whose  sovereign  is  known  as  the  Sultan  of  Nejed, 
lies  S.E.  of  the  kingdom  of  Jebel  Shomer,  and  extends  over  10°  of 
latitude  and  7°  of  longitude,  being  bounded  on  the  W.  by  one 
of  the  pilgrim  routes  to  Medina,  and  on  the  £.  by  the  Persian  Gulf. 
The  capital  is  Riadh,  and  besides  this  there  are  many  fortified 
towns  standing  in  the  midst  of  widely  extended  gardens  and  plan- 
tationa     The  broad  and  fertile  plains  of  Kasim  intervene  between 
Jebel  Shomer  and  the  Nejed  territory,  the  latter  of  which  is  ele- 
vated, and  in  it  is  found  the  plateau  of  Jebel  Toweyk,  having  an 
elevation  of  2000  feet.     This  plateau  has  much  pasture-land,  on 
which  countless  herds  of  camels  and  sheep  graze.     It  is  intersected 
by  a  net-work  of  valleys  full  of  life  and  cultivation.     Eastward  of 
Riadh  fine  plains  were  found ;  but  before  reaching  the  fertile  coast- 
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strip,  the  "  Dahna*'  or  great  Desert,  an  oflFshoot  of  the  southern  desert 
had  to  be  crossed.  £1  Khatif  on  the  Persian  Gulf  is  surrounded  by 
a  net-work  of  rivers,  and  is  buried  in  an  interminable  succession  of 
gardens.  The  table-land  descends  in  terraces  or  parallel  ranges 
of  mountains  and  hills  to  a  flat  sandy  coast  from  30  to  100  miles 
wide,  which  surrounds  the  greater  part  of  the  peninsula,  from  the 
mouths  of  the  Euphrates  to  the  Isthmus  of  Suez.  The  hills  come 
close  to  the  beach  in  the  pi-ovince  of  Oman,  which  is  traversed  by 
chains,  and  broken  into  piles  of  arid  mountains  not  more  than 
3500  feet  high,  with  the  exception  of  the  Jebel  Okhdar,  which  is 
6000  feet  above  the  sea,  and  is  cleft  by  temporary  streams  and 
fertile  valleys.  Here  the  ground  is  cultivated  and  covered  with 
verdure,  and  still  farther  S.  there  is  a  line  of  oases  fed  by  subter- 
raneous springs,  where  the  fruits  common  to  Persia,  India,  and 
Arabia  are  produced. 

The  south-eastern  coast  is  scarcely  known,  except  towards  the 
provinces  of  Haudramaut  and  Yemen,  or  Arabia  Felix,  where 
ranges  of  mountains,  some  above  5000  feet  high,  line  the  coast,  and 
in  many  places  project  into  the  ocean,  sometimes  forming  excellent 
harbours,  as  that  of  Aden,  which  is  protected  by  projecting  rocks. 
In  the  intervals  there  are  towns  and  villages,  cotton-plantations, 
date-groves,  and  cultivated  ground. 

On  the  northern  side  of  these  granite  ranges,  where  the  table- 
land is  8000  feet  above  the  sea,  and  along  the  edge  of  the  desert  of 
£1  Aklaj  in  Haudramaut,  there  is  a  tract  of  sand  so  loose  and  so 
very  fine,  that  a  plummet  was  sunk  in  it  by  Baron  Wrede  to  the 
depth  of  360  feet  without  reaching  the  bottom.  There  is  a  tradi- 
tion in  the  country  that  the  Sabsean  army  of  King  Suffi  perished  in 
attempting  to  cross  this  desert.  Arabia  Felix,  which  merits  its 
name,  is  the  only  part  of  that  country  with  permanent  streams, 
though  they  are  small.  Here  also  the  mountains  and  fertile  regions 
run  far  inland,  producing  grain,  pasture,  coffee,  odoriferous  plants, 
and  gums.  High  cliffs  line  the  shores  of  the  Indian  Ocean  and  the 
Strait  of  Bab-el-man-deb— "the  Gate  of  Tears.*'  The  fertile 
country  is  continued  a  considerable  way  along  the  coast  of  the  Red 
Sea,  but  the  character  of  barrenness  is  resumed  by  degrees,  till  at 
length  the  hills  and  intervening  terraces,  on  which  Mecca  and 
Medina,  the  holy  cities  of  the  Mohammedans,  stand,  are  sterile 
wastes  wherever  springs  do  not  water  them.  The  blast  of  the 
desert,  loaded  with  burning  sand,  sweeps  over  these  parched  regions. 
Moimtains  skirt  the  table-land  to  the  N. ;  and  the  peninsula,  be- 
tween the  Gulfs  of  Akaba  and  Suez  on  the  Red  Sea,  is  filled  by 
the  mountain-group  of  Sinai  and  Horeb.  Jebel  Houra,  Mount 
Horeb,  on  which  Moses  received  the  Ten  Commandments,  is  8593 
feet  high,  surrounded  by  still  higher  peaks,  which  are  covered  with 
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snow  in  winter.  The  group  of  Sinai  abounds  in  springs  and  ver- 
dure. At  its  northern  extremity  lies  the  desert  of  £l-Tih,  70  miles 
long  and  30  broad,  in  which  the  Israelites  wandered  40  years.  It 
is  covered  with  long  ranges  of  high  rocks,  of  most  repulsive  aspect, 
rent  into  deep  clefts  only  a  few  feet  wide,  hemmed  in  by  walls  of 
rock  sometimes  JOOO  feet  high,  like  the  deserted  streets  of  a  Cyclo- 
pean town.  The  journey  from  Sinai  to  Akaba,  by  the  Wady-el- 
Ain,  or  Valley  of  the  Spring,  is  magnificent,  and  the  site  of  Petra 
itself  is  a  tremendous  confusion  of  black  and  brown  mountains.  It 
is  a  considerable  basin  closed  in  by  rocks,  with  chasms  and  defiles 
in  the  precipices.  The  main  street  is  two  miles  long,  and  not  more 
than  fix)m  10  to  30  feet  wide,  enclosed  between  perpendicular  rocks 
from  100  to  700  feet  high,  which  so  nearly  meet  as  to  leave  only  a 
strip  of  sky.  A  streain  runs  through  the  street  which  must  once 
have  been  a  considerable  torrent,  and  the  precipitous  rocks  are  ex- 
cavated into  thousands  of  caverns  once  inhabited — inu)  conduits, 
cisterns,  flights  of  steps,  theatres,  temples,  and  sepulchres,  forming 
altogether  one  of  the  most  wonderful  remains  of  antiquity.  The 
whole  of  Arabia  Petrea,  the  Edom  of  sacred  writers,  presents  a  scene 
of  appalling  desolation,  completely  fulfilling  the  denunciation  of 
prophecy. 

§  10.  A  sandy  desert,  crossed  by  low  limestone  ridges,  separates 
the  table-land  of  Arabia  from  the  habitable  part  of  Syria,  which  the 
moimtains  of  Lebanon  divide  into  two  narrow  plains.  These  moun- 
tains may  also  be  considered  oflfsets  from  the  Taurus  chain ;  at 
least,  they  are  connected  with  it  by  the  wooded  range  of  Gawoor,  the 
ancient  Amanus,  impassable  except  by  two  defiles,  celebrated  in 
history  as  the  A  manic  and  Syrian  Gates.  The  group  of  Lebanon 
begins  with  the  Jebel  Okrab  (Mount  Cassius),  which  rises  abruptly 
from  the  sea  in  a  single  peak  to  the  height  of  7000  feet,  near  the 
mouth  of  the  Orontes.  From  thence  the  chain  runs  south  at  a  dis- 
tance of  about  20  miles  from  the  shores  of  the  Mediterranean,  in  a 
continuous  line  of  i)eaks  to  the  sources  of  the  Jordan,  where  it  splits 
into  two  nearly  parallel  branches,  enclosing  the  upper  valley  of  the 
river  Litany,  the  ancient  Leontes,  and  the  wide  and  fertile  plain  of 
Buka,  the  ancient  Ccelo-Syria,  in  which  are  the  ruins  of  Baalbek. 

The  Lebanon  branch,  the  western  range,  contains  the  high  peaks 
of  Dhor-el-Kodib  and  Jebel  Sunnin.  South  of  the  latter  of  these 
mountains  the  range  sinks  down,  expanding  in  breadth  as  it 
diminishes  in  height.  It  forms  by  its  spurs  and  their  continuations 
the  hill  country  of  Galilee,  that  of  Samaria,  and  the  S.  country  of 
Judea,  which  gradually  fades  away  into  the  Desert  of  Paran,  the 
modem  £1  Tlh.  Plains  and  valleys  are  enclosed  among  those  hills, 
and  border  the  Mediterranean  coast.  The  Anti-Libanus,  which 
commences  N.£.  of  Baalbek,  attains  its  greatest  height  at  Mount 
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Hermon,  or  Jebel  Sheikh,  9800  feet  high,  near  the  highest  aoorces 
of  the  Jordan,  from  whence  it  runs  along  the  left  bank  of  that  riyer, 
forming  the  trans-Jordanic  range,  which  everywhere  bounds  the 
eastern  horizon  to  the  traveller  in  Western  Palestine,  the  long, 
straight  line  of  the  mountains  of  Ajlun,  Gilead,  and  Moab. 

To  the  E.  and  S.E.  of  Hermon  extends  a  vast  rugged  region  com- 
paratively unmarked  by  any  high  peaks,  but  seamed  and  furrowed 
by  endless  hidden  ravines,  cracks  in  the  molten  sea  of  lava  which 
has  once  been  poured  over  the  whole  country,  and  which  has  cooled 
down  a  very  sea  of  black  rock.  This  district,  the  Argob  of  the  Old 
Testament,  the  Trachonitis  of  the  New,  is  now  called  the  Lejah ; 
and  in  its  cracks  and  fissures  still  maintains  a  considerable  popula- 
tion. 

The  tops  of  all  the  mountains,  from  Scanderoon  to  Jerusalem,  are 
covered  with  snow  in  winter ;  it  is  permanent  on  Lebanon  only, 
whose  hig&est  peak,  Dhor-el-Khodib,  just  above  the  famed  cedar 
grove,  attains  an  elevation  of  10,050  feet.  The  precipices  are  ter- 
rific, the  springs  abundant,  and  the  spurs  of  the  mountains  are 
studded  with  villages  and  convents ;  there  are  forests  in  the  higher 
grounds,  and  lower  down  vineyards  and  gardens.  Many  offsets 
from  the  Libanus  end  in  precipices  on  the  coast  between  Tripoli 
and  Beyrout,  among  which  the  scenery  is  very  beautiful. 

The  valleys  and  plains  of  Syria  are  rich  in  their  vegetable  soil, 
particularly  the  plain  of  Damascus,  which  is  brilliantly  verdant, 
though  surrounded  by  deserts,  the  barren  uniformity  of  which  is 
relieved  on  the  E.  by  the  ruined  temples  of  Palmyra  (Tadmor). 
The  Syrian  wilderness,  however,  is  not  everywhere  absolutely 
barren.  In  the  spring-time  it  is  covered  with  a  thin  but  vivid 
verdure,  mixed  with  aromatic  herbs  of  very  short  duration.  When 
these  are  burnt  up,  the  unbounded  plains  resume  their  wonted 
dreariness.  The  country,  high  and  low,  becomes  more  barren  as 
we  approach  the  Holy  Land,  yet  even  here  some  of  the  mountains 
— as  Garmel,  Bashan,  and  Tabor — are  wooded,  and  many  of  the 
valleys  are  fertile,  especially  the  valley  of  the  Jordan,  which  has 
the  appearance  of  pleasure-grounds  with  groves  of  trees  and  aromatic 
plants.  The  sea-coast  plains  are  often  of  **  surpassing  richness,  yield- 
ing in  profusion  the  crops  of  Southern  Europe,  com,  millet,  and 
abundance  of  fruits,  with  rich  gardens  and  orchards  round  the  cities.** 
The  greater  part  of  Syria  is  now  a  desert  compared  with  what  it 
formerly  was.  Mussulman  rule  has  blighted  this  fair  region — the 
Land  of  Promise,  once  flowing  with  milk  and  honey. 

The  valley  of  the  Jordan,  called  El  Ghor,  affords  the  most  re- 
markable instance  known  of  the  depression  of  a  considerable  tract  of 
the  land  below  the  general  level  of  the  ocean.  El  Ghor  is  not  a 
valley  merely,  but  a  deep  chink,  ploughed  deep  down  into  the 
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bowels  of  the  earth.  From  the  source  of  the  river  in  the  Anti* 
Lebanon  the  valley  steadily  deepens.  The  first  pause  is  in  the  wide 
basin  of  Lake  Merom,  the  modem  Huleh,  from  which  the  valley 
rapidly  descends  to  the  Sea  of  Galilee.  Leaving  this  lake,  the  river 
runs  in  a  tortuous  course  through  the  valley  to  the  great  depression 
of  the  Dead  Sea,  1292  feet  below  the  level  of  the  Mediterranean, 
the  deepest  depression  on  the  earth's  surface.  The  lower  terraces 
of  the  valley,  which  constitute  the  edge  of  the  Ghor,  or  "  Plain  of 
the  Jordan  **  of  the  Jews,  form  a  narrow  trench,  rarely  more  than  two 
miles  wide,  while  the  upper  terraces  reach  back  for  several  miles  to 
the  enclosing  hills.  Southward  of  the  Dead  Sea,  this  deep  trench 
continues  in  the  Arabah,  but  gradually  rises,  until  a  little  south  of 
Petra  the  watershed  of  the  Dead  Sea  and  the  Red  Sea  is  found  at  a 
height  of  787  feet  above  the  sea-level,  to  which  the  valley  ol 
Alcaba  thence  descends. 

The  natural  products  of  the  Jordan  valley  are  unique.  It  is  a 
tropical  oasis,  sunk  in  the  temperate  zone,  and  overhung  by  an 
Alpine  Hermon.  Acres  of  papyrus  are  found  in  the  marshes  of  Lake 
Merom  ;  the  plain  of  Gennesaret,  on  the  western  shore  of  the  Sea  of 
Galilee,  also  produces  papyrus,  and  the  jujube  (a  tropical  tree). 
Palms  and  oleanders  wave  in  the  valley  S.  of  Galilee ;  and  round 
the  Dead  Sea,  in  five  oases,  are  found,  nourished  by  copious  springs, 
many  of  the  products  of  the  torrid  zone.  Indigo  and  henna 
flourish,  and  melons  ripen  in  a  winter  during  which  the  thermo- 
meter ranges  between  60°  and  80°  Fahr.  The  birds  and  insects, 
also,  are  either  peculiar  to  the  district,  or  are  such  as  are  found  in 
Nubia,  Abyssinia,  India,  and  Equatorial  Africa.  The  Jordan  valley 
is  an  actual  geological  line,  the  formations  difiering  on  each  side. 
The  Dead  Sea  has  been  shown  by  M.  Lartet  to  have  had  no  con- 
nection with  the  Red  Sea  since  the  continent  assumed  its  present 
form.  Many  hot  springs  and  sulphur  springs  are  found  in  the  basin 
of  the  Dead  Sea  ;  but  Jebel  Usdum,  a  mass  of  rock  salt,  seven  miles 
long,  a  mile  and  a  half  wide,  and  several  hundred  feet  high,  is  the 
most  interesting  phenomenon  about  the  lake.  M.  Lartet  considers 
that  the  Dead  Sea  has  never  been  anything  but  a  reservoir  for  the 
water  brought  in  by  the  various  streams,  deriving  its  saltness  partly 
from  the  salt  rocks  near  it  and  partly  as  a  result  of  incessant  eva- 
poration.* 

There  is  evidence  that  the  country  round  the  northern  end  of  the 
Red  Sea  has  been  raised  above  its  former  level  within  the  last  3000 
years.  Caverns  are  found  in  the  cliffs  on  the  Red  Sea,  and  in  those 
more  inland  on  the  Arabian  coast,  and  the  whole  desert  from  Suez 


'  The  Rev.  H.  B.  Tristram's  chapters  on  the  Physical  Geography  of 
Palestine  in  his  *  Natural  History  of  the  Bible.' 
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to  Cairo  is  covered  with  abundance  of  shells,  similar  to  those  now 
living  in  the  Red  Sea,  which  was  probably  joined  to  the  Mediterra- 
nean at  a  very  recent  period. 

It  appears  from  the  surveys  which  were  executed  with  a  view  to 
unite  the  two  seas  by  a  canal,  that  they  are  on  the  same  level ;  that 
for  13}  miles,  from  high- water  mark  at  Suez  to  the  Bitter  Lakes, 
the  land  is  nearly  level,  rising  from  3  to  12  feet  only  above  the 
highest  tide.  Here  a  depression  of  16  feet  begins,  which  extends 
for  27  miles.  The  surface  of  the  Bitter  Lakes,  which  appear  to  be 
fragments  of  the  Red  Sea  or  Mediterranean,  lowered  by  evaporation, 
is  54  feet  below  the  level  of  the  latter.  From  thence  to  the 
Mediterranean  the  ground  is  low  and  marshy,  with  numerous  la- 
goons of  salt  water.  The  shortest  distance  from  the  Red  Sea  to 
the  Mediterranean  is  75  miles.  The  canal  which,  through  the 
energy  of  M.  de  Lesseps,  has  been  made  from  sea  to  sea  was  opened 
in  1869.  It  cuts  through  the  low  sandy  isthmus  to  the  £.  of  the 
delta  of  the  Nile,  and  passes  from  Lake  Menzaleh,  the  most  easterly 
of  the  lagoons  formed  round  the  delta  of  the  Nile,  to  the  head  of  the 
Gulf  of  Suez.  It  passes  through  the  shallow  lake  Menzaleh,  the 
small  lakes  Abuballah  and  Timsah,  and  a  fourth  formed  in  the  basin 
of  the  Bitter  Lakes,  by  water  let  into  it  from  the  Mediterranean, 
which  has  raised  their  level.  The  length  of  the  canal  is  100  Eng- 
lish miles,  and  its  depth  26  feet;  it  has  no  locks.  The  general 
width  is  246  feet  at  the  base  of  the  banks,  and  72  feet  at  the 
bottom  of  the  canal.  A  new  town,  called  Port  Said,  has  been 
established  at  the  northern  end  of  the  canal,  and  another,  Ismailia, 
on  Lake  Timsah.  The  Natron  lakes  on  the  Libyan  desert,  W.  frcmi 
the  delta  of  the  Nile,  are  probably  also  fragments  of  an  inland  sea.' 


*  See  the  works  of  Dr.  Baist,  Mr.  Glyn,  and  the  Survey  published  bj 
M.  de  Lesseps.  Miss  Fanny  Corbaox  was  one  of  the  first  who  drew  atten- 
tion to  this  subject. 
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CHAPTER    VIII. 


AFRICA. 

§  1.  Configuration  of  the  African  continent.  §  2.  Soath  African  table- 
land. §  3.  Cape  of  Good  Hope  and  eastern  coast ;  geological  formation ; 
arid  plains ;  inland  parallel  ranges ;  coast  of  Natal ;  island  of  Madagascar. 
§  4.  West  coast  of  Soath  Africa ;  Cape  Negro ;  maritime  plains ;  delta  of 
the  Niger.  §  5.  Table-land  north  of  the  Cape ;  little  known  of  this 
region  till  lately ;  Dr.  Livingstone's  discoveries.  §  6.  Tropical  Africa ; 
researches  of  Captains  Barton  and  Speke.  §  7.  Abyssinia ;  physical 
characteristics ;  geological  stractare.  §  8.  Senegambia.  §  9.  Low  lands 
and  deserts;  lake  Tchad;  Sahara  desert;  Nabian  and  Libyan  deserts; 
the  oases.     §  10.  Geological  notice. 

$  1.  The  continent  of  Africa  is  4330  geographical  miles  long  from 
Cape  Agulhas,  E.  of  the  Cape  of  Good  Hope,  to  Cape  Bianco,  near 
Bizerta,  its  northern  extremity,  and  4000  broad,  between  Cape 
Goardafui,  on  the  Indian  Ocean,  and  Cape  Verd,  on  the  Atlantic ; 
but  from  the  irregularity  of  its  figure  it  has  an  area  of  only  twelve 
millions  of  square  miles.  It  is  divided  in  two  by  the  equator,  con- 
sequently the  greater  part  lies  under  a  tropical  sun.  The  high  and 
low  lands  of  this  portion  of  the  old  continent  are  so  distinctly 
separated  that,  with  the  exception  of  the  mountainous  territory  of 
the  Atlas  and  the  small  table-land  of  Barca,  it  may  be  said  to 
consist  of  two  parts  only,  a  high  country  and  a  low. 

§  2.  An  extensive,  though  not  very  elevated,  table-land  occupies 
all  Southern  Africa,  and  extends  six  or  seven  degrees  N.  of  the 
equator.  On  the  N.W.  it  terminates  in  the  high  land  of  Sene- 
gambia, and  on  the  N.E.  in  that  of  Abyssinia,  both  of  which  project 
fieurther  to  the  N.  than  the  central  edge  of  the  plateau,  which  has 
not  yet  been  explored.  On  the  E.  and  W.  the  table-land  is  bounded 
either  by  mountain-chains  or  high  ridges  of  various  kinds  and  eleva^ 
tions,  which  divide  it  from  the  narrow  coast  plains  and  the  deltas 
of  rivers  which  terminate  in  the  Indian  and  Atlantic  Oceans ;  and 
on  the  S.  the  table-land  shelves  down  to  the  sea  in  narrow  parallel 
terraces. 

J  3.  In  its  southern  extremity  at  the  Cape  of  Good  Hope  the 
A^can  continent  is  about  700  miles  broad,  and  ends  in  three  nar- 
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row  parallel  ridges  of  mountains,  the  last  of  which  is  the  highest,  and 
abuts  on  the  table-land.  All  are  cleft  by  precipitous  deep  raTines, 
through  which  winter  torrents  flow  to  the  ocean.  The  longitudinal 
valleys,  or  karroos,  that  separate  them,  are  tiers,  or  steps,  by  which 
the  plateau  dips  to  the  maritime  plains,  llie  descent  is  rapid,  as 
both  these  plains  and  the  mountain-ranges  are  very  narrow.  On 
the  western  side  the  mountains  form  a  high  group,  and  end  in  steep 
promontories  on  the  coast,  where  Table-Mountain,  at  Cape  Town, 
3582  feet  high,  forms  a  conspicuous  landmark  for  mariners. 

Granite  rocks,  which  are  the  base  of  this  part  of  southern  Africa, 
rise  to  a  considerable  height  in  many  places,  and  are  generally 
surmounted  by  vast  horizontal  beds  of  sandstone,  which  give  that 
character  of  flatness  peculiar  to  the  summits  of  naany  of  the  Cape 
mountains. 

The  karroos  are  arid  deserts  in  the  dry  season,  but  soon  after  the 
setting  in  of  the  rains  they  are  covered  with  verdure  and  a  splendid 
flora.  The  maritime  plains  partake  of  the  same  temporary  aridity, 
though  a  large  portion  is  rich  in  cereal  productions,  vineyarda,  fruits, 
and  pasture. 

The  most  inland  of  the  ranges  parallel  to  the  Indian  Ocean  is 
10,000  feet  high,  and  it  rises  about  the  27th  meridian,  in  a  truly 
Alpine  and  continuous  chain — the  Quatlamba  mountains,  which 
sink  into  a  broad  ridge  not  more  than  4000  feet  above  the  level  of 
the  sea  before  crossing  the  Zambesi  river  at  the  beginning  of  its 
delta,  about  300  miles  from  the  ocean.  The  surface  of  the  ridge  is 
a  fine  undulating  country,  covered  with  short  grass  like  a  lawn,  and 
yielding  excellent  wheat  and  other  cereals,  with  various  roots  in 
great  abundance.  From  the  head  of  the  delta  the  ridge  which 
borders  the  table-land  divides  into  several  branches.  One,  known 
as  the  Lupata  chain,  runs  at  the  distance  of  160  miles  inland  along 
the  coast  of  Sofala;  others  bend  west,  while  the  central  and 
principal  chain  runs  northward,  encircling  Lake  Nyassa  at  a  con- 
siderable distance  from  the  coast.  It  is  of  moderate  altitude  in  the 
country  of  Unyamwezi,  but  rises  to  a  great  height  between  the 
third  and  fourth  degrees  of  S.  latitude,  where  Kilimanjaro  (20,065 
feet)  rises  to  the  zone  of  eternal  snow,  and  other  peaks  seem  to 
connect  the  range  with  the  high  lands  of  Abyssinia. 

At  Natal  the  coast  land  slopes  upward  from  the  sea  to  the 
summit  of  the  range,  here  called  the  Drakenberg,  and  the  climate 
and  vegetation  of  the  valleys,  exposed  to  the  warm  and  moist  ain 
of  the  Indian  Ocean  are  subtropical.  The  Zambesi  and  other  streams 
from  the  table-land  refresh  the  plains  on  the  Mozambique  ChanneL 
Opposite  Zanzibar,  though  some  parts  are  marshy  and  covered  with 
mangroves,  groves  of  palm-trees  adorn  the  plains,  which  yield  pro- 
digious quantities  of  grain,  and  noble  forests  cover  the  mountaina; 
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but  from  4^  N.  latitude  to  Gape  Guardafui  is  a  continued  desert, 
the  hot  and  dry  region  inhabited  by  the  jealous  and  ferocious 
Somali.  There  is  also  a  barren  tract  at  the  southern  end  of  the 
Lupata  chain,  and  along  the  southern  tributaries  of  the  Zambesi, 
where  gold  is  found  in  masses  and  grains  on  the  surface  and  in  the 
watercourses,  which  tempted  the  Portuguese  to  form  settlements  on 
these  unwholesome  coasts.  Here  were  situated  Manila,  and  the 
country  of  Monomotapa,  depicted  on  old  maps,  and  the  district, 
together  with  the  seaport  Sofala,  is  suggested  by  some  writers  to  be 
the  Ophir  of  Scripture. 

The  island  of  Madagascar,  with  its  magnificent  range  of  moun- 
tains, encircled  by  a  belt  of  primeval  forests,  is  parallel  to  the 
African  coast,  and  only  separated  from  it  by  the  Mozambique 
Channel,  250  miles  broad ;  its  organic  productions  as  a  whole  differ 
very  greatly  from  those  of  Africa,  showing  that  there  has  been  no 
connexion  between  the  two  lands  since  they  were  stocked  by  their 
present  forms  of  life. 

§  4.  The  contrast  between  the  eastern  and  western  coasts  of  South 
Africa  is  very  striking.  The  escarped  bold  mountains  round  the  Cape 
of  Good  Hope,  and  its  rocky  coast,  which  extends  a  short  way  along 
the  Atlantic  to  the  N.,  are  succeeded  by  ranges  of  sandstone  of  small 
elevation,  which  separate  the  internal  sandy  desert  from  the  sandy 
shore  which,  with  the  exception  of  Walvisch  Bay,  is  equally  parched, 
llie  terraced  slope  of  the  Atlantic  coast  for  900  miles  between  the 
Orange  River  and  Cape  Negro  has  not  a  drop  of  fresh  water. 

At  Cape  Negro  terraces  separated  by  long  level  tracts  begin  and 
make  a  semicircular  bend  into  the  interior,  leaving  plains  along  the 
coast  140  miles  broad,  from  whence  the  highest  terrace  appears  like 
a  chain  of  mountains,  because  it  dips  for  2000  feet  towards  them. 
It  has  a  broad  flat  top,  spreading  into  fine  grassy  plains,  on  which 
are  found  Cape-heaths,  rhododendrons,  and  other  Alpine  plants, 
quite  diflFerent  from  the  tropical  vegetation  on  the  maritime  coast 
on  one  side,  or  on  the  table-land  on  the  other.  The  high  terraces 
are  continued  to  the  country  of  Colbongos,  the  most  elevated  land 
on  the  coast,  where  a  magnificent  group  of  mountains,  covered  to 
their  tops  with  large  timber,  lie  not  far  inland  and  N.  of  these. 
King  William's  mountains  form  the  eastern  border  of  this  side  of 
the  table-land. 

The  maritime  plains  on  the  Atlantic  along  this  long  line  of  high 
country  have  for  the  most  part  a  tropical  vegetation.  In  Benguela 
the  plains  are  healthy  and  cultivated ;  farther  N.  there  are  mono- 
tonous grassy  savannahs,  and  forests  of  gigantic  trees.  The  ground, 
in  many  places  saturated  with  water,  bears  a  tangled  crop  of  man- 
groves and  tall  reeds  which  even  cover  the  shoals  along  the  coast ; 
hot  pestilential  vapours  hang  over  them,  never  dissipated  by  a  breeze^ 
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Such  are  the  low  lands  of  the  Fernan  Vaz  River  and  the  Gaboon, 
and  farther  N.  the  plains  of  Biafra  and  Benin,  and  the  delta  of  the 
Niger. 

The  Angel  of  Death,  brooding  over  these  regions  in  noisome  ex- 
halations, guards  the  interior  of  that  country  from  the  aggressions 
of  the  European,  and  has  hitherto  baffled  his  attempts  to  form  set- 
tlements on  the  banks  of  this  magnificent  river. 

Many  portions  of  N.  Guinea  are  so  fertile  that  they  might  vie 
with  the  valley  of  the  Nile  in  cereal  riches,  besides  various  other 
productions  ;  and,  though  the  heat  is  great,  the  climate  is  not  very 
unhealthy. 

Such  are  the  mountain-chains  and  maritime  plains  that  surround 
the  table-land  of  South  Africa  on  three  sides. 

§  5.  In  the  beginning  of  the  present  century  the  table-land  N.  of 
the  Cape  of  Good  Hope  was  almost  an  unknown  region.  Mr.  Somer- 
ville  and  Mr.  Truter  were  the  first  white  men  whom  the  inhabitants 
of  Litakoo  had  seen.  Of  an  expedition  that  followed  their  track  a 
few  years  after  no  one  returned.  Since  that  time  it  has  been 
frequently  explored  both  by  the  missionaries  and  other  travellers, 
and  now  the  central  portion,  as  far  as  the  Victoria  Falls  of  the 
Zambesi,  is  tolerably  well  known. 

Immediately  N.  of  the  Cape  mountains  the  table-land  is  600  feet 
above  the  level  of  the  sea,  and,  for  a  comparatively  small  distance, 
it  is  cultivated  and  pastoral,  and  in  all  probability  it  is  equally  so 
at  the  foot  of  the  Quatlamba  chain,  for  there  are  forests  and  rich 
pasture  lands  in  the  Bushmen's  country,  at  least  for  part  of  the 
year.  With  these  exceptions  the  Kalahari  Desert  spreads  over 
the  table-land  to  the  20th  degree  of  S.  latitude.  The  Grareep,  or 
Orange  River,  with  its  tributaries,  which  flow  across  the  desert,  may 
be  more  aptly  said  to  drain  than  to  irrigate  this  arid  country. 
Many  of  the  tributaries  are  only  the  channels  through  which 
torrents  from  the  periodical  rains  are  carried  to  the  main  stream, 
and  are  destitute  of  water  during  many  months  in  the  year.  "  The 
Dry  River,**  the  name  of  one  of  these,  is  no  misnomer  in  that 
country.  However,  moisture  is  not  wanting,  for  the  margin  of  the 
streams  is  usually  adorned  with  mimosas,  and  the  sandy  deserts  in 
some  places  have  furnished  treasures  to  the  botanist  after  the  rains, 
but  in  general  the  camers-thom  and  other  products  of  the  African 
desert  are  the  only  vegetation,  where  there  is  any  vegetation  at  alL 
On  the  W.  it  is  bounded  by  the  pastoral  and  even  agricultural 
countries  of  the  Great  Namaqua  and  Damaras,  but  these  are  pene- 
trated in  many  places  by  the  desert,  even  to  the  sandy  shores. 

Nothing  was  known  of  the  interior  of  the  table-land  N.  of  the 
Kalahari  Desert  till,  in  1802,  intelligent  native  merchants  crossed 
from  Loanda  on  the  Atlantic  to  Zanzibar  on  the  Mozambique 
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coast,  and  from  their  account  Europeans  first  had  an  idea  of  the 
nature  of  the  country,  its  productions,  and  the  state  of  its  inha- 
bitants ;  but  it  is  to  the  missionaries  that  we  owe  our  real  know- 
ledge of  the  interior  of  South  Africa.  Among  these  Dr.  Livingstone 
is  pre-eminent.  Of  high  scientific  acquirements  and  unconquerable 
seal  in  the  great  cause,  he  traversed  the  table-land  from  sea  to  sea, 
performing  in  all  a  journey  of  11,000  miles,  in  order  to  establish 
missions  for  the  conversion  and  instruction  of  the  natives.  Although 
that  was  his  principal  object,  yet  during  the  journey,  amidst  innu- 
merable difficulties  and  thirty-two  attacks  of  fever,  he  made  astro- 
nomical observations  to  ascertain  the  latitude  and  longitude  of  the 
most  remarkable  places  he  visited,  from  which  a  beautiful  map 
was  constructed  by  Mr.  Arrowsmith  of  tracts  over  most  of  which 
the  foot  of  a  white  man  had  never  passed.  Dr.  Livingstone  set  out 
from  Kolobeng,  the  advanced  post  of  the  missionaries  N.  from  the 
Cape  of  Good  Hope,  and,  after  a  month^s  journey  over  300  miles  of 
desert,  in  great  want  of  water,  he  came  to  the  banks  of  the  Zouga, 
a  noble  and  exquisitely  beautiful  river,  richly  fringed  with  fruit- 
bearing  and  other  trees,  and  communicating  with  Lake  Ngami, 
which  he  first  visited  in  1849,  and  which  is  from  50  to  70  miles 
long,  and  3713  feet  above  the  level  of  the  sea.  The  Zouga  is  the 
most  southerly  of  that  magnificent  series  of  rivers  discovered  by 
Dr.  Livingstone  in  the  very  centre  of  S.  Africa,  which  extends  from 
the  20th  parallel  of  S.  latitude  to  within  ten  degrees  of  the  equator, 
and  in  longitude  throughout  the  whole  hreadth  of  the  table-land. 

The  country  N.  of  Lake  Ngami  is  a  dead  flat  for  hundreds  of 
miles,  interlaced  by  a  perfect  labyrinth  of  rivers  with  their  countless 
tributaries  and  numerous  entering  and  re-entering  branches,  on 
account  of  which  it  is  called  Linoka-noka,  or  "  Rivers  upon 
Rivers."  The  waters  of  this  network  of  lakes  and  rivers,  deflected 
in  various  directions  by  slight  elevations,  escape  to  the  eastern  and 
western  oceans  by  passing  through  deep  rents  in  the  flanking  ridges 
on  each  side  of  the  plateau.  In  many  places  the  meadow-lands  are 
the  pasture-grounds  of  the  natives,  covered  with  thousands  of  cattle, 
but  in  the  forests  both  horses  and  cattle  fall  victims  to  the  tsets^, 
a  poisonous  fly  which  abounds  in  them.  Large  tracts  of  this  country 
are  inundated  during  the  periodical  rains,  and,  when  the  water 
retires,  the  rank  vegetation  and  wide-spreading  marshes  under  a 
tropical  stm  send  forth  exhalations  nearly  as  fatal  to  man  as  the 
tsets^  is  to  cattle  ;  indeed,  one  place  is  called  The  Fever  Ponds. 

The  Zambesi  is  the  main  watercourse  of  the  magnificent  river 
system  into  which  all  the  lesser  systems  and  streams  flow,  many 
of  which  are  great  deep  rivers.  The  natives  are  quite  aware  of  its 
importance,  since  its  various  names  of  Luameji,  Leeambye,  and 
Zambesi,  simply  mean  "  The  River."    It  makes  various  windings 
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in  its  course  from  the  W.,  especially  an  almost  semicircular  bend  to 
the  S.,  at  the  extremity  of  which,  in  17*  57'  S.  lat.  and  26"*  6*  E, 
long.,  it  forms  a  magnificent  cascade,  to  which  the  name  '*  Victona 
Falls  '*  has  been  given  ;  then  it  flows  to  the  N.  in  rapids  till  it  is 
joined  by  its  tributary  the  Kafue,  when  it  turns  to  the  E.  and  flows 
generally  in  that  direction  to  the  Mozambique  Channel,  forming  a 
delta  300  miles  long.  In  some  places  the  river  is  a  mile  broad,  with 
islands  covered  with  the  richest  vegetation  of  large  trees,  among 
which  the  date  palm  and  the  lofty  palmyra  are  the  most  beautiful 

The  productions  of  this  country  are  most  valuable.  The  Roman 
Catholic  missionaries  introduced  the  pine-apple,  which  now  growl 
for  miles  along  the  roads  in  Angola ;  and,  what  is  of  more  import- 
ance, the  finest  Mocha  coffee,  which  now  grows  wild  in  the  greatest 
abundance.  Dr.  Livingstone  found  the  vine  loaded  with  bunches 
of  dark-purple  grapes,  the  indigo-plant  in  great  abundance,  the 
sugar-cane,  papyrus,  a  strong  kind  of  flax,  bu^e,  senna,  and,  in  the 
woods  where  fever  prevails,  a  kind  of  cinchona,  which  the  natives 
use  as  a  remedy  against  that  malady.  They  cultivate  wheat, 
manioc,  yams,  millet,  rice,  bananas,  and  vast  quantities  of  Caffine 
com.  The  sugar-cane  has  been  cultivated  by  them  from  time  im- 
memorial, though  they  have  never  discovered  how  to  make  sugar 
from  it.  Elephants'  tusks  and  bees*-wax  are  articles  of  conmieroe, 
the  pioneer  to  the  hives  being  the  honey-bird,  a  species  of  cuckoa 
The  enormous  quantity  of  wild  animals  shows  that  pasture-land  in 
this  upper  region  of  the  Zambesi  must  be  very  extensive.  Dr. 
Livingstone  fell  in  with  troops  of  elephants  exceeding  anything 
hitherto  described,  and  so  tame  that  he  was  obliged  to  halloo  to  them 
to  get  out  of  the  way ;  besides  bufialoes,  giraffiees,  zebras,  antelopes, 
and  wild  hogs  in  great  numbers. 

The  mineral  riches  are  very  considerable.  The  town  of  Tetd,  on 
the  Zambesi,  stands  in  an  extensive  coal-field,  part  of  which  is  sur- 
rounded by  a  gold-producing  district ;  and  iron,  of  a  quality  equal 
to  that  of  Sweden,  is  used  by  the  natives  for  their  weapons. 

In  1859  Dr.  Livingstone  discovered  the  great  fresh-water  lake 
Nyassa,  which  extends  nearly  N.  and  S.  a  length  of  250  miles  with 
a  width  varying  from  20  to  60  miles.  It  is  not  a  shallow  sheet  of 
water  like  Lake  Ngami,  but  is  of  great  depth  with  the  water  blue 
as  that  of  the  ocean  ;  no  bottom  was  found  in  some  places  with  a 
line  of  40  fathoms.  A  range  of  mountains  borders  the  lake  on  each 
side,  from  which  descend  numerous  perennial  streams ;  the  pre- 
vailing winds  are  from  the  S.E.,  and  they  blow  with  such  force,  in 
the  height  of  the  dry  season  when  not  a  cloud  obscures  the  sky, 
that  an  ordinary  sailing-boat  runs  hourly  risk  of  being  capsiKed. 
The  northern  termination  of  the  lake  is  at  present  unknown.  It 
lies  at  an  altitude  of  1522  feet  above  the  sea-level,  and  at  the 
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southern  end  the  surplus  waters  flow  off  by  the  river  Shir^  towards 
the  Zlambesi,  the  river  forming  a  series  of  cataracts  and  rapids  in  its 
descent  towards  the  low  country.  To  the  S.E.  of  this  magnificent 
sheet  of  water,  and  separated  from  it  by  an  isthmus  30  miles  wide, 
lies  Lake  Shirwa,  a  much  smaller  area,  lying  at  a  much  higher  level 
than  Nyassa,  being  2000  feet  above  the  sea.  Between  it  and  the 
Shir^  is  a  range  of  uplands,  the  culminating  peaks  of  which  rise  to 
an  altitude  of  8000  feet.  In  these  high  lands  discovered  by  Living- 
stone was  established  the  Universities'  Mission  under  the  lamented 
Bishop  Mackenzie. 

§  6.  While  Dr.  Livingstone  was  making  these  remarkable  dis- 
coveries Captains  Burton  and  Speke  returned  from  a  journey  they 
made  from  Zanzibar  into  the  interior  of  tropical  Africa  more  to  the 
N.  They  ascended  the  river  Pangany  for  120  miles  through  an 
unhealthy  but  rich  and  rather  well-cultivated  plain,  and  crossed  th« 
coast-chain  of  mountains  about  60  miles  broad.  ^I'he  interior,  at 
first  poor,  soon  became  a  luxuriant  country,  in  which  tobacco,  cotton, 
and  various  useful  plants  are  cultivated  by  a  peaceful  race  of  negroes 
who  possess  abundance  of  cows  and  goats,  and  know  how  to  manu- 
facture both  iron  and  cotton.  On  proceeding  into  the  interior  the 
travellers  discovered  the  Lake  Tanganyika,  whose  position  had  been 
pretty  accurately  described  by  the  natives  to  Dr.  Livingstone.  It 
lies  between  the  parallels  of  3°  10*  and  T  50'  S.  lat.,  its  centre 
being  in  about  30°  E.  long.  It  aboimds  in  good  fish,  and,  as  the 
taeiai  fly  does  not  infest  this  part  of  Africa,  its  banks  are  browsed 
by  the  red  oxen  that  are  common  throughout  the  country,  and  oc- 
casionally have  stupendous  horns.  At  a  distance  of  200  miles  of 
very  lofty  mountainous  country  N.W.  from  Lake  Tanganyika 
Captain  Speke  came  to  a  great  fresh- water  lake  called  the  Victoria 
Nyanza,  between  3000  and  4000  feet  above  the  level  of  the  sea, 
which  he  believed  to  be  the  ultimate  source  of  the  Nile  and  which 
he  afterwards  revisited  in  company  with  Captain  Grant.  On  this 
latter  memorable  expedition,  the  two  travellers  traversed  the  region 
of  Equatorial  Africa  from  Zanzibar  to  the  upper  waters  of  the  Nile, 
emerging  on  the  Mediterranean  in  the  month  of  June,  1863.  They 
skirted  the  western  shores  of  the  lake,  but  seldom  sighted  its  waters, 
and  then  after  following  the  stream  which  drained  it  on  the  N.,  for 
some  portion  of  its  course,  struck  across  for  the  "White  Nile.  They 
were  informed  by  the  natives  that  this  stream  entered,  not  far  to 
the  W.,  a  second  great  lake  before  it  re-emerged  as  the  Nile.  Re- 
gretting he  was  unable  to  visit  this  second  lake,  the  Luta  Nzig^ 
Captain  Speke,  on  his  arrival  at  Gondokoro,  recommended  Mr.  (now 
Sir  Samuel)  Baker,  who  had  come  up  the  Nile  bringing  succour  to 
the  expedition,  to  endeavour  to  reach  it.  The  advice  was  taken, 
and  the  result,  as  is  now  well  known,  was  the  discovery  of  the 
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Albert  Nyanza,  a  still  grander  sheet  of  water  than  the  Victoria, 
lying  in  a  deep  trough  amid  lofty  mountains  and  glorious  Alpine 
scenery.  The  Albert  Nyanza  lies  at  an  altitude  of  about  2550  feet 
above  the  sea-level,  or  nearly  1000  feet  lower  than  the  Victoria 
Lake,  the  slope  of  the  country  being  from  S.E.  to  N.W. 

§  7.  The  vast  Alpine  promontory  of  Abyssinia  or  Ethiopia,*  700 
miles  wide,  projects  from  the  table-land  for  300  miles  into  th^  low 
lands  of  North  Africa.  It  dips  to  a  low  swampy  region  on  the  N., 
to  the  plains  of  Senaar  and  Kordofan  on  the  W.,  and  on  the  E. 
sinks  abruptly  to  the  coast  at  a  short  distance  from  the  shores  of 
the  Red  Sea.  It  is  there  from  8000  to  9000  feet  high  on  the 
plateau  of  Tigre,  but  declines  to  the  westward,  so  that  in  the  15th 
parallel  of  N.  lat.  the  eastern  slope  of  the  table-land  towards  the 
Ked  Sea  is  nearly  twenty  times  greater  than  the  counter-slope 
k>wards  the  Nile  ;  the  edge  of  the  latter,  however,  is  from  3000  to 
4004  feet  above  the  plains.*  The  table-land  of  Abyssinia  is  a  suc- 
cession of  plains,  diversified  by  higher  insulated  mountain-masses, 
which  in  the  S.  attain  an  absolute  altitude  of  from  11,000  to  13,500 
feet.'  These  plains  are  intersected  by  the  extremely  deep  ravines  in 
which  flow  the  numerous  streams  which  form  the  tributaries  of  the 
Nile  on  the  one  hand,  and  the  Hawdsh  and  its  afQuents,  which 
flow  towards  the  Indian  Ocean,  to  be  lost  in  a  swamp,  or  in  the 
salt-plains,  on  the  other.  1'he  recent  military  expedition  to 
Abyssinia  discovered  in  the  broken,  low  coast  land  the  Ragolay  and 
its  tributaries  which  drain  the  eastern  side  of  the  Abyssinian  water- 
shed from  Senafe  to  Atsbi,  a  distance  of  70  geographical  miles. 
The  Ragolay  is  a  perennial  stream  ;  but  in  flowing  towards  the  sea, 
it  sinks  into  a  depression  193  feet  below  the  sea-level,  and  its  watefs 
are  finally  dissipated  by  heat  and  by  absorption  in  the  sand.  The 
edge  of  the  table-land  on  the  W.  is  steep ;  the  streams  run  to  the 
low  lands  through  valleys  from  3000  to  4000  feet  deep.  'These 
gorges  have  often  wild  and  extremely  picturesque  scenery.  They 
contain  in  their  depths  a  tropical  vegetation,  while  towards  their 
upper  portions,  the  flora  of  Italy  and  of  England  find  representatives. 
A  traveller  in  ascending  them  might  imagine  that  he  is  crossing  a 


'  The  name  of  Ethiopia  is  still  used  by  the  Abyssinians,  as  stated  bj 
M.  A.  d'Abbadie,  who  resided  many  years  among  them,  as  including  Abys- 
sinia proper,  the  Bija  country  as  far  as  Sawakin,  the  Afar  (Aidal  of  cor 
maps),  the  Somaly,  Gurage,  and  Galla  countries.  The  word  Abyssinia, 
according  to  the  same  traveller,  is  better  employed  in  the  Arab  sense  for 
those  populations,  chiefly  Christian,  which  have  lost  all  idea  of  tribe. 

*  Estimated  from  N.L.  to  S.W.,  the  proportion  of  the  two  slopes  of  the 
Abyssinian  table-land  is  as  12*6  to  1. 

'  The  highest  inhabited  village  visited  by  M.  d'Abbadie  was  that  of 
Arqniaze,  in  the  province  of  Simen,  12,450  feet  above  the  sea. 
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mountain-range,  whereas,  on  coming  to  the  top,  he  finds  himself  on 
a  high  plain.  This  elevated  country  has  lakes,  swamps,  verdant 
meadows,  and  cultivated  land,  producing  various  kinds  of  grain,  and 
occasionally  cofiee.  11ie  plain  of  Dembia,  the  granary  of  the 
comitry,  enjoys  perpetual  spring.  M.  A.  d'Abbadie  and  Dr.  Beke 
travelled  to  within  8°  of  the  equator,  and,  by  their  account,  the 
country  S.  of  Abyssinia  appears  to  be  similar  to  that  of  JShoa  and 
Gojam^-extensive  undulating  plains,  with  occasional  mountain- 
masses,  and  traversed  by  numerous  streams ;  wide  tracts  must  be 
7000  or  8000  feet  high,  as  they  only  produce  barley :  the  country 
towards  Kaffa  and  the  sources  of  the  Gojeb  is  still  higher,  and  in 
some  parts  desert;  but  the  caravan-road  between  Wallega  and 
Kafia  passes  through  a  vast  forest  impervious  to  the  rays  of  the 
son,  which,  according  to  the  accounts  of  the  merchants,  is  not  seen* 
for  four  or  five  days  successively ;  and  \V.  of  the  Did-esa  there  are 
immense  grassy  plains,  the  elephant-hunting  grounds  of  the  Galla 
tribes. 

The  expedition  sent  from  England  for  the  relief  of  the  British 
prisoners  detained  by  King  Theodore  was  accompanied  by  scientific 
men  who  carefully  examined  the  geography  of  the  country  through 
which  the  force  passed.  The  Wadela  and  Dalanta  plateaux,  which 
were  crossed  on  the  road  to  Magdala,  have  an  elevation  of  over  9000 
feet ;  and  it  is  evident,  says  Mr.  Clements  Markham,  that  they  were 
once  a  single  mass  of  columnar  basalt.  The  river  Jitta  has  in  the 
course  of  ages  cut  a  deep  ravine  of  3500  feet,  which  has  almost  per- 
pendicular sides  between  these  plateaux.  The  Beshilo  ravine,  still 
deeper  than  that  of  the  Jitta,  bounds  the  Dalanta  plateau  on  the 
8. ;  and  the  Magdala  system,  or  knot  of  mountains,  lies  with  others 
still  farther  to  the  S.  The  country  here  consists  of  mountain 
masses,  many  with  perpendicular  sides,  only  broken  by  terraces, 
and  with  flat  summits  on  which  forts  have  been  constructed.  These 
mountains  are  separated  by  deep  ravines  and  gorges.  Magdala 
itself  is  a  mass  of  columnar  basalt,  with  scarped  perpendicular  sides, 
and  with  a  waterless  plateau  on  the  top,  which  is  about  two  miles 
long  by  half  a  mile  across ;  it  is  9050  feet  above  the  level  of  the 
sea.  The  lofty  ridges  and  deep  ravines  of  the  country  round  Mag- 
dala are  very  grand,  and  overtopping  them  all  rises  the  straight 
basaltic  wall  of  Dalanta. 

The  geological  structure  of  Ethiopia  is  somewhat  similar  to  that 
of  the  Cape  of  Good  Hoi)e,  the  base  being  granite  and  the  super- 
structure sandstone,  occasionally  limestone,  schist,  and  breccia.  The 
granite  comes  to  the  surface  in  the  lower  parts  of  Abyssinia,  but 
sandstone  predominates  in  the  upper,  and  assumes  a  tabular  form, 
often  lying  on  the  tops  of  the  mountains  in  enormous  flat  masses, 
only  accessible  by  steps  cut  in  the  rocks  or  by  ladders :  such  in- 
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sulated  spots  are  used  as  state  prisons.  Large  tracts  of  ancient 
volcanic  rocks  occur,  especially  in  Shoa.  Traps  rocks  also  abound 
in  Simen.     Many  of  the  hill  forts  in  Abyssinia  are  basaltic. 

§  8.  Senegambia,  the  appendage  to  the  western  extremity  of  the 
table-land,  also  projects  far  into  the  low  lands,  and  is  the  watershed 
whence  the  streams  flow  on  one  side  to  the  plains  of  Soudan,  where 
thoy  join  the  Joliba  or  Niger ;  and  from  the  other  to  the  Gambia, 
Senegal,  and  to  other  rivers  which  run  into  the  Atlantic  over  a  rich 
cultivated  plain,  but  unhealthy  from  the  rankness  of  the  vegetaticm. 

§  9.  The  moisture  that  descends  from  the  northern  edge  of  the 
table-land  of  South  Africa,  under  the  fiery  radiance  of  a  tropical  sun, 
fertilizes  a  tract  of  country  stretching  from  sea  to  sea  across  the 
continent,  the  commencement  of  the  African  low  lands.  A  great 
•part  of  this  region,  which  contains  many  kingdoms  and  commercial 
cities,  is  a  very  productive  country.  The  abundance  of  water,  the 
industry  of  the  natives  in  irrigating  the  ground,  the  periodical  rains, 
and  the  tropical  heat,  leave  the  soil  no  repose.  Agriculture  is  in  a 
rude  state,  but  nature  is  so  bountiful  that  rice,  millet,  and  other 
grains  are  raised  in  sufficient  quantity  to  supply  the  wants  of  a 
numerous  population.  Gold  is  found  in  the  river-courses,  and 
elephants  abound  in  the  forests ;  but  slaves  form  the  staple  of  their 
commerce. 

In  the  very  centre  of  this  fine  country  lies  lake  Tchad,  almost  like 
a  sea,  and  receiving  many  fine  large  rivers,  especially  the  Shary  and 
Mayo ;  the  latter  is  mentioned  by  Dr.  Earth  as  only  to  be  compared 
with  the  Nile  at  highest  flood.  The  celebrated  port  of  Kabara,  near 
which  the  city  of  Timbuctu  is  situated,  is  several  miles  from  the 
river,  and  only  accessible  during  five  months  in  the  year,  when 
the  rains  are  heavy.     It  is  in  17°  30'  N.  lat.,  and  3°  W.  long. 

I'his  long  belt  of  never-fading  vitality,  which  has  its  large  lakes, 
poisonous  swamps,  deep  forests  of  gigantic  trees,  and  vast  solitudes 
in  which  no  white  man  ever  trod,  is  of  small  width  compared  with 
its  length.  In  receding  from  the  mountains,  the  moisture  becomes 
less  and  the  soil  gradually  worse,  sufficing  only  to  produce  grass  for 
the  flocks  of  the  wandering  Bedouin.  At  last  a  hideous  barren  waste 
begins,  which  extends  northwards  800  miles  in  unvaried  desolation 
to  the  grassy  steppes  at  the  foot  of  the  Atlas ;  and  for  1000  miles 
between  the  Atlantic  and  the  Red  Sea  the  nakedness  of  this  blighted 
land  is  unbroken  but  by  the  valley  of  the  Nile  and  a  few  oases  in  its 
neighbourhood. 

In  the  \V.  about  760,000  miles,  an  area  equal  to  that  of  the 
Mediterranean  Sea,  and,  in  some  parts,  of  a  lower  level,  is  covered 
by  the  trackless  sands  of  the  Sahara  desert,  which  is  even  prolonged 
for  miles  into  the  Atlantic  Ocean  in  the  form  of  sand-banks.  This 
desert  is  alternately  scorched  by  heat  and  pinched  by  cold.    The 
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wind  blows  from  the  E.  nine  months  in  the  year ;  and  at  the  equinoxes 
it  rushes  in  a  hurricane,  driving  the  sand  in  clouds  before  it,  pro- 
ducing the  darkness  of  night  at  midday,  and  overwhelming  caravans 
of  men  and  animals  in  common  destruction.  Then  the  sand  is 
heaped  up  in  waves  ever  varying  with  the  blast ;  even  the  atmo- 
sphere is  sand.  The  desolation  of  this  dreary  waste,  boundless  to 
the  eye  as  the  ocean,  is  terrific  and  sublime ;  the  dry  heated  air  is 
like  a  red  vapour,  the  setting  sun  seems  to  be  a  volcanic  fire,  and  at 
times  the  burning  wind  of  the  desert  is  the  blast  of  death.  There 
are  many  salt  lakes  to  the  N.,  and  even  the  springs  are  of  brine ; 
thick  incrustations  of  dazzling  salt  cover  the  ground,  and  the  par- 
ticles, carried  aloft  by  whirlwinds,  flash  in  the  sun  like  diamonds. 

Sand  is  not  the  only  character  of  the  desert ;  tracts  of  gravel  and 
low  bare  rocks  occur  at  times,  not  less  barren  and  dreary ;  but  on 
the  eastern  and  northern  borders  of  the  Sahara  fresh  water  rises 
near  the  surface,  and  produces  an  occasional  oasis  where  barrenness 
and  vitality  meet.  The  oases  are  geuenilly  depressed  below  the 
level  of  the  desert,  with  an  arenaceous  or  calcareous  border  en- 
closing their  emerald  verdure  like  a  frame.  The  smaller  oases  pro- 
duce herba'^e,  ferns,  acacias,  and  some  shrubs ;  forests  of  date-palms 
grow  in  the  larger,  which  are  the  resort  of  lions,  jmnthers,  gazelles, 
reptiles,  and  a  variety  of  birds. 

In  the  Nubian  and  Libyan  deserts,  to  the  E.  of  the  Sahara,  the 
continent  shelves  down  towards  the  Mediterranean  in  a  series  of 
terraces,  consisting  of  vast  level  sandy  or  gravelly  deserts,  lying  E. 
and  W.,  separated  by  low  rocky  ridges.  This  shelving  country,  which 
is  only  540  feet  above  the  sea  at  the  distance  of  750  miles  inland,  is 
cut  transversely  by  the  Nile,  and  by  a  deep  furrow  parallel  to  it,  in 
which  there  is  a  long  line  of  oases.  This  furrow,  the  Nile,  and  the 
Ked  Sea,  nearly  parallel  to  both,  are  flanked  by  rocky  eminences 
which  run  N.  from  the  table-land. 

On  the  interminable  sands  and  rocks  of  these  deserts  no  animal — 
no  insect — breaks  the  dread  silence  ;  not  a  tree  nor  a  shnib  is  to  bo 
seen  in  this  land  without  a  shadow.  In  the  glare  of  noon  the  air 
quivers  with  the  heat  reflected  from  the  red  sand,  and  in  the  night 
it  is  chilled  under  a  clear  sky  sparkling  with  its  host  of  stars. 
Strangely  but  beautifully  contrasted  with  these  scorched  solitudes 
is  the  narrow  valley  of  the  Nile,  threading  the  desert  for  1000  miles 
in  emerald  green,  with  its  waters  foaming  with  rapids  among  wild 
rocks,  or  quietly  spreading  in  a  calm  stream  amidst  fields  of  com 
and  the  august  monuments  of  past  ages. 

At  the  distance  of  a  few  days'  journey  W.  from  the  Nile,  over  a 
hideous  flinty  plain,  lies  the  furrow  already  mentioned,  trending  to 
the  N.,  and  containing  the  oases  of  Darfur,  Selime,  the  Great  antl 
Little  Oases,  and  the  parallel  valleys  of  the  Natron  Lakes,  and  Bahr- 

H      . 
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Belama  or  the  "  Dry  River."  The  Great  Oasis,  or  Oasis  of  Thebes, 
ia  120  miles  long  and  4  or  6  broad ;  the  Lesser  Oasis,  separated  from 
it  by  40  miles  of  desert,  is  of  the  same  form.  Both  are  rich  in 
verdure  and  cultivation,  with  villages  amid  palm-groves  and  date- 
plantations,  mixed  with  the  ruins  of  remote  antiquity,  offering 
scenes  of  peaceful  and  soft  beauty  contrasted  with  the  surrounding 
gloom.  The  Natron  Lakes  are  in  the  northern  part  of  the  Valley 
of  Nitrtm,  35  miles  W.  of  the  Nile ;  the  southern  part  is  a  beautiful 
retired  spot,  tliat  became  the  retreat  of  Christian  monks  in  the 
middle  of  the  second  century,  and  at  one  time  contained  360  con- 
vents, of  which  only  4  remain ;  from  these  some  ancient  valuable 
manuscripts  have  been  obtained. 

Another  line  of  oases  runs  along  the  latitude  of  Cairo,  with  fresh- 
water lakes  no  less  fertile  than  the  preceding.  In  one  of  them  are 
the  ruins  of  the  Temple  of  Jupiter  Ammon. 

Hundreds  of  miles  on  the  northern  edge  of  the  desert,  from  the 
Atlantic  along  the  southern  foot  of  the  Atlas  to  the  Great  Syrtis, 
are  pasture-lands  without  a  tree — an  oce-an  of  verdure.  At  the 
Great  Syrtis  the  Sahara  reaches  the  shores  of  the  Mediterranean ; 
and,  indeed,  for  1100  miles  between  the  termination  of  the  Atlas  and 
the  little  table-land  of  Barca,  the  ground  is  so  improductive  that  the 
population  only  amounts  to  about  30,000,  and  these  are  mostly 
wandering  tribes  who  feed  their  flocks  on  the  grassy  steppes.  Mag- 
nificent countries  lie  along  the  Mediterranean  coast  N.  of  the  Atlas, 
susceptible  of  cultivation.  History,  and  the  ruins  of  many  cities, 
attest  their  former  splendour ;  even  now  there  are  many  populous 
commercial  centres,  and  much  grain  is  raised,  though  a  great  part  of 
these  valuable  kin:2;doras  is  badly  cultivated  or  not  cultivated  at  alL 

§  10.  The  base  of  the  sandy  parts  of  North  Africa  is  stiff  clay ;  in 
Lower  Nubia,  between  the  parallels  of  Assouan  and  Esneh,  reil  and 
white  granite  prevail,  followed  by  argillaceous  slates  and  sandstone; 
3Iiddle  Egypt  is  calcareous,  for  the  great  band  of  nummulit^  lime- 
stone, so  ably  trace<l  by  Sir  R.  Murchison  over  nearly  a  third  of  the 
globe,  from  the  Bay  of  Biscay  to  the  shores  of  Aracan,  crosses  Africa 
between  the  parallels  of  16°  and  20°  of  N.  lat.,  and  lower  down  the 
surface  is  covere<l  by  the  alluvial  deposits  of  the  Nile. 

It  would  appear  that  Southern  Africa,  though  similar  in  its  un- 
broken surface  and  peninsular  shape  to  South  America,  bears  no 
resemblance  to  it  in  other  respects,  but  has  a  great  analogy  to  the 
Deccan  in  its  triangular  form,  its  elevated  platform,  and  in  the  ]X)si- 
tion  of  its  encompassing  mountain-chains,  if,  as  there  is  reason  to 
believe,  from  the  fertile  region  to  the  N.,  either  that  South  Africa 
descends  in  a  succession  of  terraces  to  the  low  lands,  or  that  the 
Komri  mountains  have  a  real  existence,  and  run  directly  across 
the  continent;  besides,  there  is  evidence  that  the  tertiary  strata 
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on  the  table-land,  as  in  the  Deccan,  have  been  the  basin  of  a  great 
fresh-water  lake.^ 

The  prodigious  extent  of  desert  is  one  of  the  most  extraordinary 
circumstances  in  the  structure  of  the  old  continent.  A  zone  of 
almost  irretrievable  desolation  of  at  least  120  degrees  of  longitude 
prevails  from  the  Atlantic  Ocean  across  Africa  and  through  Central 
Asia  almost  to  the  shores  of  the  Pacific,  because  this  long  tract  is 
flanked  by  an  almost  continuous  chain  of  mountains  and  table-lands 
which  drain  the  prevailing  winds  of  their  moisture.  There  are  also 
many  large  districts  of  the  same  sterile  nature  in  Europe ;  and  if  to 
these  sandy  plains  the  deserts  of  Siberia  be  added,  together  with  all 
the  barren  and  rocky  mountain  tracts,  the  unproductive  land  in  the 
Old  World  is  prodigious.  The  quantity  of  salt  on  the  sandy  plains 
is  great,  and  proves  that  they  have  been  part  of  the  bed  of  the  ocean 
or  of  inland  seas  at  no  very  remote  geological  i)eriod.  The  low  lands 
round  the  Black  and  Caspian  Seas,  and  the  Lake  of  Aral,  seem  to 
have  been  the  most  recently  raised  from  the  sea,  from  the  great  pro- 
portion of  shells  in  them  identical  with  those  now  existing  in  these 
seas.  The  same  may  be  said  of  the  Sahara  desert,  where  salt  and 
recent  shells  are  plentiful. 


Johnston's  Physical  Atlas. 
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CHAPTER  IX. 

THE  CONTINENT  OF  AMERICA. 

§  1.  General  view  of  the  American  Continent.  §  2.  Mountain  systems  of 
South  America ;  the  Andeiin  chain.  §  3.  The  Chilian  Andes ;  proposed 
railway;  vegetation.  §  4.  The  Peruvian  Andes.  §  5.  Character  of  South 
American  table-lands ;  valley  of  the  Desaguadero ;  city  of  Cusco.  §  6. 
Transverse  ranges  of  the  Andes ;  valley  of  Quito.  §  7.  Passes  of  the 
Andes.  §  8.  Climate  of  the  Andes.  §  9.  Low  lands  east  of  the  Andes ; 
mountains  of  the  Parima.  §  10.  Table-land  of  Brazil ;  Brazilian  moun- 
tain chains. 

§  1 .  Some  thinner  portion  of  the  crust  of  the  globe  under  the  me- 
ridians that  traverse  the  continent  of  America,  from  Cape  Horn  to 
the  Arctic  Ocean,  must  have  yielded  to  the  expansive  forces  of  the 
subterranean  fires,  or  been  rent  by  contraction  of  the  strata  in  cooling. 
Through  this  the  Andes  have  arisen,  producing  the  greatest  influence 
on  the  form  of  the   continent,  and   the  j^eculiar   simplicity  that 
prevails  in  its  principal  mountain  systems,  which,  with  very  few 
exceptions,  have  a  general  tendency  from  N.  to  S.     1'he  continent 
is  9000  miles  long,  and  consisting  of  two  great  peninsulas  joined  by 
a  long  narrow  isthmus,  it  is  divided  by  nature  into  the  three  parts  of 
South,  Central,  and  North  America ;  yet  these  three  are  connected 
by  the  mighty  chain  of  the  Andes,  and  its  continuation,  the  Rocky 
Mountains,  running  parallel  to  the  Pacific  from  within  the  Arctic 
nearly  to  the  Antarctic  circle.    In  this  course  every  variety  of  climate 
is  to  be  met  vrith,  from  the  rigour  of  polar  congelation  to  the  scorch- 
ing heat  of  the  torrid  zone ;  while  the  mountains  are  so  high  that 
the  same  extremes  of  heat  and  cold  may  be  experienced  in  the 
journey  of  a  few  hours  from  the  burning  sands  which  form  the  coasts 
of  Peru  to  the  snow-clad  peaks  that  tower  above  them.    In  this  long 
chain  there  are  three  distinct  varieties  of  character,  nearly,  though 
not  entirely,  corresponding  to  the  three  natural  divisions  of  the  con- 
tinent.    The  Andes  of  South  America  differ  materially  from  those  of 
Central  America  and  Mexico,  while  both  are  dissimilar  to  the  North 
American  prolongation  of  the  chain, 

§  2.  The  greatest  length  of  South  America  from  Cape  Horn  to  the 
Isthmus  of  Panama  is  about  4020  geographical  miles.  It  is  very 
narrow  at  its  southern  extremity,  but  increases  in  width  north waids 
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to  the  latitude  of  Cape  San  Hoque  on  the  Atlantic,  hetween  which 
and  Cape  Blanco  on  the  Pacific  it  attains  its  greatest  bre<idth,  of 
nearly  2750  miles.  It  consists  of  three  mountain  systems,  separated 
by  the  basins  of  three  of  the  greatest  rivers  in  the  world.  The 
Andes  run  along  the  western  coast  from  Cape  Horn  to  the  Isthmus 
of  Panama,  in  a  single  chain  of  inconsiderable  width,  but  majestic 
height,  dipping  rapidly  to  the  narrow  j)lains  on  the  Pacific,  but 
descending  on  the  east  by  huge  spurs  or  offsets,  and  deep  valleys,  to 
plains  of  vast  extent,  whose  level  is  for  hundreds  of  miles  as 
unbroken  as  that  of  the  ocean  by  which  they  are  bounded.  Never- 
theless two  detached  moimtain  systems  rise  from  these  plains,  one 
in  Brazil  between  the  Rio  de  la  Plata  and  the  river  Amazon ;  the 
other  that  of  Parima  and  Guiana,  between  the  river  Amazon  and 
the  Orinoco. 

ITie  great  chain  of  the  Andes  first  raises  its  crest  above  the 
waves  of  the  Antarctic  Ocean  in  the  majestic  sombre  mass  of  Cape 
Horn,  the  southernmost  point  of  the  archipelago  of  Tierra  del 
Fuego.  This  group  of  mountainous  islands,  equal  in  size  to  Great 
Britain,  is  separated  from  the  mainland  by  the  Strait  of  Magellan. 
The  islands  are  penetrated  in  every  direction  by  bays  and  narrow 
inlets  of  the  sea,  or  fiords,  ending  often  in  glaciers  fed  by  the  snow 
on  the  summits  of  mountains  6000  feet  high.  Peat-mosses  cover 
the  higher  declivities  of  these  mountains,  and  their  flanks  are 
covered  with  densely  entangled  forests  of  brown  beech,  which  never 
lose  their  dusky  leaves,  producing  altogether  a  savage  and  melan- 
choly landscape.  The  mountains  which  occupy  the  western  side 
of  this  cluster  of  islands  sink  down  in  extensive  plains  towards  the 
east,  like  the  continent  itself,  of  which  the  archipelago  is  but  the 
southern  prolongation.* 

The  Pacific  washes  the  very  base  of  the  Patagonian  Andes  for 
about  1000  miles,  from  Cape  Horn  to  the  40th  j)arallel  of  S. 
latitude.  I'he  whole  coast  is  lined  by  a  succession  of  archipelagos 
and  islands,  separated  from  the  iron-bound  shores  by  narrow  arms 
of  the  sea,  which,  in  the  more  southern  part,  are  in  fact  profound 
longitudinal  valleys  of  the  Andes  filled  by  the  ocean,  so  that  the 
islands  running  parallel  to  the  axis  of  these  mountains  are  but  the 
summits  of  an  exterior  range  rising  above  the  sea. 

The  coast  itself  for  650  miles  is  begirt  by  walls  of  granite  rock, 
which  sink  into  unfathomable  depths,  torn  by  long  crevices  or  fiords 

'  The  surveys  of  the  late  Admiral  P.  B.  King  and  Admiral  Fitzroy,  Mr. 
Darwin's  Uoomal  of  a  Naturalist,'  Dr.  Poppig*s  ^Travels  in  South  America,' 
are  the  authorities  from  which  the  author  has  drawn  for  the  account  of 
Tierra  del  Fuego,  Patagonia,  and  Chile ;  Humboldt,  Mr.  Pentland,  Drs. 
P&ppig  and  Meyer,  of  Berlin,  for  Peru  and  the  Andean  Chain  to  the  Isthmus 
of  Panam^ 
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similar  to  those  on  the  Norwegian  shore,  and  ending  in  tremendous 
glaciers,  whose  masses,  falling  with  a  crash  like  thunder,  drive  the 
sea  in  sweeping  breakers  through  these  chasms.  The  islands  and 
the  mainland  are  thickly  clothed  with  forests,  which  are  of  a  less 
sombre  aspect  as  the  latitude  decreases ;  and  more  to  the  N.  there 
are  fertile  plains  inhabited  by  a  rude  people,  but  capable  of  sup- 
porting large  populations,  and  into  which  Chilian  civilization  is 
advancing. 

§  3.  Between  the  Pass  of  Chacabuco,  N.  of  Santiago,  the  capital 
of  Chile,  and  the  archipelago  of  Chiloe,  a  chain  of  hills,  composed  in 
general  of  granite  rocks,  borders  the  coast ;  between  which  and  the 
Andes  exists  a  longitudinal  valley,  well  watered  by  the  rivers 
descending  from  the  central  chain,  and  which  constitutes  the  most 
fertile  portion,  nay,  the  garden  of  the  Chilian  republic— the  rich  pro- 
vinces of  Santiago,  Talca,  Cauquenes,  and  Concepcion.  lliis  longi- 
tudinal depression  may  be  considered  as  a  prolongation  northwards 
of  the  strait  that  separates  Chiloe  from  the  mainland.  Many  peaks 
of  the  Andes  enter  within  the  limits  of  perpetual  snow,  between  the 
40th  and  3l8t  parallels ;  some  of  which  are  active  volcanoes.  In 
lat.  32°  39'  S.  rises  the  giant  of  the  American  Andes,  the  Nevado 
of  Aconcagua,  which  towers  over  the  Chilian  village  of  the  same 
name,  and  is  clearly  visible  from  Vali)arai8o.  Although  desig- 
nated as  a  volcano,  a  term  generally  ai)plied  in  Chile  to  every 
elevated  and  snowy  peak,  it  offers  no  trace  of  modem  igneous  origin. 
It  appears  to  be  composed  of  a  species  of  porphyry  generally  found 
in  the  centre  of  the  Chilian  chain.  Its  height,  according  to  Admiral 
Beechey*s  very  accurate  observations,  exceeds  23,910  feet.*  And  in 
the  same  group,  but  farther  south,  lies  the  Nevado  of  Tupungato. 
The  line  of  |)erpetual  snow  makes  a  remarkable  bend  in  Chile ;  in 
lat.  33°  8'  S.  it  is  12,780  feet  above  the  sea-level ;  seven  degrees 
farther  S.,  on  the  parallel  of  Valdivia,  it  sinks  to  8300;  and  at 
Copiai  o  it  rises  to  13,800.  There  is  a  gigantic  project  of  carrying 
a  railway  over  the  Chilian  Andes  from  Copiapo,  across  the  Argentine 
Provinces,  to  Rosario,  on  the  river  Parana,  which  has  led  to  a 
survey  extending  350  miles  over  the  Great  Cordillera,  and  the 
slopes  and  plains  beyond  to  the  Parana. 

About  the  latitude  of  Concepcion  the  dense  forests  of  araucarias 
and  of  other  semi-tropical  plants  cease  with  its  humid  equable 
climate ;  and  as  no  rain  falls  in  Central  Chile  for  nine  months  in  the 


*  This  great  height  has  been  deduced,  adopting  the  position  of  the  Peak 
ais  fixed  by  Admiral  Fitzroy,  and  employing  the  angles  of  elevation  observed 
near  Valparaiso  by  the  late  Admiral  Beechey.  Lieut.  Gillies,  of  the  American 
Astronomical  Expedition  to  Chile,  gives  only  22,200  feet  for  the  altitude 
of  this  Nevado. 
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year,  the  brown,  purple,  and  tile-rod  hills  and  mountains  are  only 
dotted  here  and  there  with  low  trees  and  bushes  ;  very  soon,  how- 
ever, after  the  heavy  showers  have  moistened  the  cracked  ground, 
it  is  covered  with  a  beautiful  but  transient  flora.  In  some  valleys 
it  is  more  permanent  and  of  a  tropical  character,  mixed  with  alpine 
plants.^  In  Northern  Chile  rain  falls  only  once  in  two  or  three 
years,  the  consequence  of  which  is  sterility  on  the  western  preci- 
pitous and  unbroken  descent  of  the  Andes  ;  on  the  E.,  two  secondary 
groups  separate  from  the  Central  Cordillera,  which  extend  300  or 
400  miles  into  the  plains,  are  wooded  to  a  great  height.  The  Sierra 
de  Cordova,  the  most  southern  of  these,  commences  between  the  33rd 
and  31st  parallels,  and  extends  in  the  direction  of  the  Pampas ; 
more  to  the  north  the  mountains  of  Salta  and  Jujuy  stretch  from 
the  valley  of  Catamarca  and  'i'ucuman  towards  the  Kio  Vermejo, 
one  of  the  tributaries  of  the  Rio  de  la  Plata. 

To  the  N.  of  Chile  succeeds  the  province  of  Atacania  stretching 
from  the  sea  to  the  snowy  Cordillera,  a  region  of  desolate  sands  and 
bare  rock,  without  water  or  vegetation,  and  with  scarcely  a  living 
creature.  Two  years  have  sometimes  passed  without  a  shower. 
'ITie  chief  town,  S.  Pedro  de  Atacama,  at  the  north  extremity  of  a 
great  salt  lake,  contains  5000  inhabitants  ;  along  its  river  there  is 
some  cultivation.  The  valley  of  AtAcama  is  about  7400  feet  above 
the  sea ;  in  the  Andes  W.  of  it  rise  several  very  elevated  peaks,  one 
of  which,  Hlaska,  19,600  feet  high,  is  an  active  volcano,  constantly 
emitting  smoke  from  its  summit.  About  100  miles  8.  of  this  is 
the  mountain  of  LluUayacu,  one  of  the  most  elevated  peaks  in  the 
Chilian  Andes,  after  that  of  Aconcagua. 

§  4.  The  chain  takes  the  name  of  the  Peruvian  Andes  about  the 
24th  degree  of  S.  latitude,  and  is  sej«irated  from  the  Pacific  by  a 
range  of  hills  composed  of  crystalline  rocks,  parallel  to  the  sea-coast, 
and  by  an  intervening  sandy  desert,  seldom  above  GO  miles  broad, 
on  which  rain  scarcely  ever  falls,  where  bare  rocks  pierce  through 
the  moving  sand.  The  width  of  this  coast  region  is  nearly  the 
same  to  the  Isthmus  of  Panamd,  but  damp  luxuriant  forests,  full  of 
orchidaceous  plants,  begin  to  show  themselves  about  the  latitude  of 
Payta,  and  continue  northwards  through  the  provinces  of  Guaya- 
quil, Las  Esmeraldas,  and  Darien. 

From  their  southern  extremity  to  the  Nevado  of  Chorolque,  in  21° 
SO'  S.  lat.,  the  Peruvian  Andes  form  one  grand  and  continuous 
range  of  mountains,  but  N.  of  that  ixjak  the  chain  divides  into 
two  longitudinal  ridges,  which  enclose  a  scries  of  valleys  or  table- 
lands, forming  so  many  basins,  separated  at  various  points  by 
transverse  groups  or  mountain-knots,  or  by  single  ranges  crossing 

*  Dr.  Poppig's  Travels. 
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between  them  like  dykes,  a  structure  that  prevails  to  Pasto, 
1°  13'  N.  lat. 

§  5.  Unlike  the  table-lands  of  Asia  at  great  elevations,  where 
cultivation  is  confined  to  the  more  sheltered  spots,  or  those  still 
lower  in  Europe,  which  are  only  fit  for  {lasture,  these  lofty  regions 
of  the  Andes  yield  exuberant  crops  of  every  kind  of  European 
grain,  and  have  many  populous  cities  enjoying  the  luxuries  of  civi- 
lisjed  life,  with  universities,  libraries,  civil  and  religious  establish- 
ments, at  altitudes  equal  to  that  of  the  Peak  of  Tenerifi*e,  which  is 
12,170  feet  above  the  sea-level.  Villages  are  situated  and  mines 
are  worked  at  heights  as  great  or  even  greater  than  the  top  of 
Mont  Blanc.^  This  state  is  not  limited  to  the  present  times,  since 
these  table-lands  were  made  the  centre  of  civilization  bv  a  race  of 
men  which  "  bear  the  same  relation  to  the  Incas  and  the  present 
inhabitants  that  the  Etruscans  bear  to  the  ancient  Romans  and  to 
the  Italians  of  our  own  days." 

ITie  table-land  or  valley  of  the  Dcsaguadero,  one  of  the  most  re- 
markable of  these  basins,  has  an  absolute  altitude  of  12,900  feet 
and  a  breadth  varying  from  30  to  60  miles :  it  stretches  400  miles 
between  the  two  parallel  chains  of  the  Andes,  and  between  the 
transverse  mountain-groups  of  Lipez,  in  20°  S.  lat.,  and  the  great 
mountain-knot  of  Vilcaftota,  which,  extending  from  E.  to  W., 
shuts  in  the  valley  on  the  N.W. ;  it  occupies  an  area  three  times 
as  large  as  Switzerland,  some  of  the  snowy  peaks  rising  8300  feet 
above  the  surface  of  the  table-land,  from  which  an  idea  may  be 
formed  of  the  gigantic  scale  of  this  portion  of  the  Andes.  This 
valley  is  bounded  on  each  side  by  the  two  grand  chains  of  the 
Peru-Bolivian  Andes :  that  on  the  west  is  the  Cordillera  of  the  coast ; 
the  range  on  the  E.  is  the  Bolivian  Cordillera,  properly  speaking, 
called  in  its  N.W.  prolongation  the  Cordillera  Real.*  These  two 
rows  of  mountains  lie  so  near  to  each  other  that  the  whole  breadth 
of  the  table-land,  including  both,  is  only  226  miles.  All  the  snowy 
peaks  of  the  Cordilleras  of  the  coast  are  either  active  volcanoes  ot 
of  igneous  origin,  and  are  all  situate  near  the  maritime  declivity  of 
the  chain ;  consequently,  the  descent  to  the  shores  of  the  Pacific 
is  everywhere  very  abrupt.  The  eastern  Cordillera,  which  begins 
near  the  metalliferous  mountain  of  Potosi,  is  below  the  level  of 
perpetual  snow  to  the  S.,  but  its  northern  portion  contains  the  three 
peaked  mountains  of  Ancohuma  or  the  Nevado  of  Sorata,  of  Supaf- 
wasi,  and  lUimani,  and  is  one  of  the  most  magnificent  portions  of 


*  The  celebrated  silver  mines  of  Potosi  were,  until  within  the  last  fifty 
years,  worked  to  the  very  summit  of  that  metalliferous  mountain,  16,150 
feet  above  the  sea-level. 

*  Humboldt  and  Mr.  Pentland. 
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the  Andes.^  The  snowy  part  begins  with  the  gigantic  mass  of  Illi- 
mani,  whose  serrated  ridges  are  elongated  in  the  direction  of  the 
axis  of  the  chain.  The  lowest  glacier  on  its  southern  slo^x)  does 
not  descend  below  16,500  feet,  and  the  valley  of  Tortoral,  a  mere 
gulf  in  which  Vesuvius  might  stand,  comes  between  lllimani  and 
the  Nevado  of  La  Mesada,  from  whence  the  eastern  Cordillera  runs 
to  the  N.  W.  in  a  continuous  line  of  snow-clad  jx^aks  to  the  group 
of  Vilcafiota,  where  it  unites  with  the  western.  The  sharp  and 
serrated  chain  on  the  E.  forms  a  striking  contrast  with  the  conical 
and  dome-shaped  Cordillera  of  the  coast.  All  the  rivers  and  streams 
that  rise  on  the  E.  side  of  the  Cordillera  of  the  coast  flow  to  the 
afiSnents  of  the  Amazon,  through  the  deep  gorges  in  the  eastern 
Cordillera  between  lllimani  and  the  Nevado  of  Sorata. 

The  valley  of  the  Desaguadero,  occupying  150,000  square  miles, 
has  a  considerable  variety  of  surface  ;  in  the  south,  throughout  the 
mining  districts,  it  is  cold  and  unproductive.  Potosi,  the  highest 
city  in  the  world,  stands  at  an  absolute  elevation  of  13,330  feet, 
at  the  foot  of  a  mountain  celebrated  for  its  silver-mines.  Chuquisaca, 
the  capital  of  Bolivia,  containing  13,000  inhabitants,  lies  to  the 
N.E.  of  Potosi,  in  the  midst  of  a  cultivated  district.  The  northern 
part  of  the  valley  is  jwpulous,  and  produces  barley,  jwtatoes,  and  in 
sheltered  situations  even  wheat  and  maize  ;  and  the  Lake  of  Titi- 
caca,  twenty  times  as  large  as  the  Lake  of  Greueva,  fills  the  north- 
western iK)rtion  of  this  great  basin.  The  islands  and  shores  of  this 
lake  still  exhibit  ruins  of  gigantic  magnitude,  monuments  of  a 
people  more  ancient  than  the  Incas.  The  modem  city  of  La  Paz 
with  40,000  inhabitants,  a  few  leagues  from  its  southern  shores, 
stands  in  the  bottom  of  a  deep  ravine,  on  each  side  of  an  impetuous 
torrent,  descending  from  the  neighbouring  snowy  peaks,  having  in 
full  view  the  vast  Nevado  of  lllimani  to  the  E.S.E.,  at  a  distance 
of  seven  leagues. 

Many  offsets  diverge  from  the  eastern  side  of  the  Bolivian  Cor- 
dillera, which  terminate  in  the  great  plains  of  Chitjuitos  and 
Paraguay;  the  most  important  is  the  Cordillera  of  Yuracara6s, 
which  bounds  the  rich  valley  of  Cochabamba  on  the  N.,  and  ends 
near  the  town  of  Santa  Cruz  de  la  Sierra. 

There  are  some  fertile  valleys  in  the  snow-capped  group  of 
Vilcafiota  and  Cusco.  The  city  of  Cusco,  which  contains  nearly 
60,000,  inhabitants,  was  the  capital  of  the  empire  of  the  Incas  :  it 
still  contains  numerous  ruins  of  that  dynasty,  among  which  the 


*  The  breadth  of  the  table-land,  and  the  two  Cordilleras  of  the  Bolivian 
Andes,  given  in  the  text,  was  measured  by  Mr.  Pentland ;  he  also  determined 
the  heights  of  lllimani  to  be  21,150  feet;  of  Supiiiwasi,  or  Huayna  Potosi, 
20,260  feet ;  and  of  Ancohuma,  or  the  Kevado  of  Sorata,  21,290  feet.  ^ 
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remains  of  the  Temple  of  the  Run,  and  the  Cyclojx'an  fortress  that 
towers  over  it  to  the  N.,  still  mark  its  former  splendour.  Four  ~ 
ancient  Penivian  roads  led  from  Cusco  to  the  different  jmrts  of 
the  empire,  little  inferior  in  many  respects  to  the  old  IU)inan  ways  : 
all  crossing  mountain-passes  higher  than  the  summit  of  the  Peak 
of  Teneriffe.  C)n  the  northern  prolongation  of  tlie  eluiin,  in  lat. 
11°  S.,  encircled  by  the  Andes,  is  the  elevated  plain  of  lU)mlx)n, 
near  to  the  celebrated  silver-mines  of  Pasco,  at  a  liei^ht  of  14,000 
feet  above  the  sea.  In  it  is  situated  the  Lake  of  l.anricocha,  which 
may  be  considered,  from  its  remoteness,  as  one  of  the  sources  of 
the  Amazon.  There  are  many  small  lakes  on  the  table-lands 
and  high  valleys  of  the  Andes,  some  even  within  the  range  of 
perpetual  snow.  They  are  very  cold  and  dcej),  often  of  the  purest 
sea-green  colour. 

§  6.  The  chain  of  the  Andes  is  divided  into  three  ranges  of  moun- 
tains running  from  S.  to  N.  in  the  transverse  group  or  mountain- 
knot  of  Pasco  and  Huanuco,  which  shuts  in  the  valley  of  Bombon 
between  the  11th  and  10th  parallels  of  S.  latitude :  that  in  the 
centre  separates  the  w^ide  fertile  valley  of  the  Upi)er  Marailon  from 
the  still  richer  valley  of  the  Huallaga,  whilst  the  more  eastern  l\>nn8 
the  barrier  between  the  latter  and  the  tropical  valley  of  the  Yuca- 
yali.  The  western  chain  alone  attains  the  limit  of  perjx^tual  snow, 
and,  if  we  excej)t  the  Nevado  of  Huaylillas,  in  7^  50'  »S.,  no  mountain 
N.  of  this  for  nearly  400  miles  to  the  Andes  of  Quito  reaches  the 
snow-line. 

In  lat.  4°  50*  S.  the  Andes  form  the  mountain-knot  of  Loxa, 
celebrated  for  its  forests,  in  which  the  Cinchona  or  Peruvian  bark 
was  first  discovered.  From  this  knot  the  chain  divides  into  two 
great  longitudinal  ridges  or  cordilleras,  in  an  extent  of  ooO  miles 
passing  through  the  republic  of  the  Equator  to  the  mountain-group 
of  Los  Pastos  in  that  of  New  Grenada,  'i  hese  ridges  enclose  a 
great  longitudinal  basin,  which,  divided  by  the  cross  ridges  of 
Assuay  and  Chisinche  into  three  portions,  forms  the  valleys  of 
Cuenca,  La  Tapia,  and  Quito.  The  plain  of  C'uenca  offers  little 
interest ;  that  of  La  Tapia  is  magnificent ;  whilst  the  valley  of 
Quito  is  one  of  extraordinary  beauty  :  on  either  side  rivse  a  series 
of  snow-capped  peaks,  as  much  celebrated  in  the  history  of 
of  science  as  the  valley  itself  is  in  that  of  the  aboriginal  races  of 
the  New  World.  Here  the  energies  of  volcanic  action  have  l>een 
studied  with  the  greatest  advantage ;  here,  more  than  100  years 
ago,  was  executed  that  measurement  of  an  arc  of  the  meridian 
which  afforded  the  most  accurate  data  at  the  time  towards  the 
determination  of  the  mass  and  form  of  our  planet,  and  which  has 
conferred  eternal  honour  on  the  body  with  which  it  originated,  the 
French  Academy  of  Sciences;   and  celebrity  on  the  names  of 
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Bouguier,  La  Condamiiie,  Juan,  UUoa,  and  Godin,  who  conducted 
it  on  the  i>art  of  the  crowns  of  France  and  Si)ain. 

The  Cordillera  or  ridge  wliich  hems  in  the  valley  of  Quito  on  the 
E.  contains  the  snow-capinni  jniaks  of  Antisana,  Cotopaxi,  one  of 
the  most  beautiful  of  active  volcanoes,  whose  dazzling  cone  rises  to 
a  height  of  18,775  feet,  of  Tungaragua,  of  el-Altar — once  equal  to 
Chimborazo  in  height — and  Sangay.  1'he  western  range  includes 
the  gigantic  Chimborazo,  which  may  be  seen  from  the  coasts  of  the 
Pacific,  and  the  i)yramidal  i>eak  of  lllinissa,  the  wreck  of  an  ancient 
Tolcano.  As  the  lllinissa  is  seen  from  the  ocean,  its  absolute  height 
was  measureii  by  the  direct  observations  of  the  French  Academi- 
cians, whence  the  absolute  elevation  of  the  valley  of  Quito,  and  of 
the  other  jx'aks  that  encircle  it,  was  deduced,  as  well  as  the  earliest 
approximate  value  uf  the  barometrical  coetlicient.  North  of  Chim- 
borazo, and  near  it,  is  the  Carguainizo ;  and  close  to  the  city  of 
Quito  rises  the  scarcely  less  celebrated  volcano  of  Pichincha  ;  whilst 
the  Nevarlo  of  Cayambe — whose  summit,  elevated  19,535  feet,  is 
traversed  by  the  eijuator — perhaps  the  greatest  and  most  remark- 
able landmark  on  the  earth's  surface,  closes  the  north-east  extremity 
of  this  great  Andean  de])ression. 

The  valley  of  Quito,  one  of  the  finest  in  the  Andes,  is  200  miles 
long  and  30  wide,  with  a  mean  elevati(»n  al)ove  the  sea  of  10,000 
feet,  and  bounded  by  the  most  magniHcent  series  of  volcanic  moun- 
tains in  the  New  World.  A  iH?culiar  interest  is  attached  to  two  of 
the  many  volcanoes  in  the  ixirallel  Cordilleras  that  flank  it.  The 
beautiful  snow-dad  cone  of  Cayaml>b  Urcu,  as  already  stated, 
traversiHl  by  the  (H]uator,  closes  it  on  the  north  ;  and  on  the  western 
side  the  cross  still  stands  on  the  sunnnit  of  Pichincha,  15,1)24  feet 
above  the  Pacific,  which  served  as  a  signal  to  liouguier  and  La 
Condamine  in  their  memorable  measurement  of  the  equatorial  arc 
of  the  meridian.* 

Some  parts  (►f  the  j)lain  of  Quito  to  the  S.  are  sterile,  but  the  soil 
generally  is  fertile,  an<l  jieqwtual  spring  clothes  it  with  exulwrant 
vej:;etati(»n.  The  city  of  Quito,  at  the  base  of  Pichincha,  containing 
70,000  inhabitants,  has  an  absiJute  hei-Jit  of  1*540  feet.  It  is 
regularly  and  well  built  ;  the  churches  are  rich  ;  it  possesses  an 
univtTsitv,  and  many  of  the  comforts  and  luxuries  (»f  civilized  life, 
in  a  situation  of  unrivalleil  j^randeur.  'Ihus,  on  the  very  summit  of 
the  Andes  there  is  a  world  by  itself,  with  its  mountains  and  its 
valleys,  its  lakes  and  rivei*s,  ix>pulous  towns  and  cultivated  fields. 
Many  monuments  of  the  incas  are  still  found  in  goinl  j)reservatiou 
in  these  plains,  where  the  scenerj'  is  nu>st  noble — eleven  volcanic 
cuues  are  visible  from  one  sjKjt.     Although  the  Andes  are  inferior 


1  Humboldt. 
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in  height  to  the  Himalaya,  yet  the  domes  of  trachyte,  the  truncatod 
cones  of  the  active  volcanoes,  and  the  serrated  ruins  of  those  that 
are  extinct,  mixed  with  the  bold  features  of  primary  mountains, 
give  an  in6nitely  greater  variety  to  the  scene,  while  the  smoke,  and 
very  often  the  flame,  issuing  from  these  regions  of  ixTjKJtual  snow, 
increase  its  sublimity.  Stupendous  as  these  mountains  appear  even 
from  the  plains  of  the  table-land,  they  are  merely  the  inequalities 
of  the  tops  of  the  Andes,  the  serrated  summit  of  that  mighty  chain. 
Between  the  large  group  of  Los  Pastos,  containing  several  active 
volcanoes,  and  the  group  of  Las  Pajjas,  in  the  2nd  degree  of  N. 
latitude,  the  bottom  of  the  valley  is  only  6920  feet  above  the  sea ; 
and  N.  of  the  latter  mountain-knot  the  crest  of  the  Andes  si)lits 
into  3  Cordilleras,  which  diverge,  not  again  to  unite.  The  most 
westerly  of  these,  the  range  of  Choco,  which  may  be  considered  the 
continuation  of  the  great  chain,  separates  the  valley  of  the  river 
Gauca  from  the  Pacific  ;  it  is  only  5000  feet  high,  and  the  lowest  of 
the  three.  Though  but  20  miles  broad,  it  is  so  steep  and  so  difficult 
of  access  that  travellers  cannot  cross  it  on  mules,  but  are  carried  on 
men's  shoulders  ;  it  is  rich  in  alluvial  deposits  of  gold  and  platina. 
The  central  branch,  or  Cordillera  of  Quiudiu,  runs  due  N.  between 
the  valleys  of  the  Magdalena  and  Cauca,  rising  to  a  great  height  in 
the  volcanic  i)eak  of  Tolima.  The  two  last  chains  are  united  by 
the  mountain-knot  of  Antioquia,  of  which  little  more  is  known  than 
that  it  fonns  two  great  masses,  which,  after  separating  the  streams 
of  the  Magdalena,  Cauca,  and  Atrato,  trends  to  the  N.W.,  greatly 
reduced  in  height,  and  with  the  chain  of  Choco  forms  the  low 
mountains  of  the  Isthmus  of  Panama.  The  most  easterly  of  the 
three  cordilleras,  called  the  Sierra  de  la  Summa  Paz,  spreads  out  on 
its  western  declivity  into  the  table-lands  of  Bogota,  Tunja,  &c.  &c., 
the  ancient  Cundinamarca,  which  have  an  elevation  of  about  9000 
feet ;  whilst  on  its  eastern  slope  are  the  sources  of  the  rivers 
Ghiaviari  and  Meta,  the  head-waters  of  the  Orinoco.  The  great 
natural  crevice  of  Icononzo  occurs  in  the  ^lath  leading  from  the 
city  of  Bogota  to  the  banks  of  the  Magdalena.  It  probably  was 
formed  by  an  earthquake,  and  is  like  an  unfilled  mineral  vein, 
across  which  are  two  natural  bridges:  the  lowest  is  composed  of 
stones  that  have  been  jammed  between  the  rocks  in  their  fall.^ 
This  Cordillera  comprises  the  Andes  of  Cundinamarca  and  Merida, 
and  runs  in  a  north-eastern  direction  through  New  Granada  to  the 
10th  northern  parallel,  where  it  joins  the  coast-chain  of  Venezuela 
or  Caraccas,  and  ends  at  Cape  Paria  in  the  Caribbean  Sea,  or  rather 
at  the  eastern  extremity  of  the  island  of  Trinidad.  This  coast-chain 
is  so  majestic  and  beautiful  that  Baron  Humboldt  says  it  is  like  the 


>  Hamboldt. 
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Alps  rising  oat  of  the  sea  withoat  their  snow.  The  insulated  group 
of  Santa  Martha,  19,00()  feet  high,  deeply  covered  with  snow,  stands 
on  an  extensive  plain  between  the  delta  of  the  Magdalena  and  the 
sea-lake  of  Maracaybo,  and  is  a  landmark  to  mariners  far  oil  in  the 
Caribbean  Sea. 

§  7.  The  passes  over  the  Chilian  Andes  are  numerous  ;  the  double 
one  of  the  Portillo,  leading  from  Santiago  to  Mendoza,  is  the  highest ; 
it  crosses  two  ridges,  one  of  which  is  so  hi^^h  that  vegetation  ceases 
far  below  its  summit.  Those  in  Peru  are  higher,  though  very  few 
reach  the  snow-line.  In  Bolivia  the  mean  elevation  of  the  ])asHes 
in  the  western  and  eastern  cordillora  is  14,892  an<l  11,422  feet 
respectively.  That  leading  from  i:N)rata  to  the  auriferous  valley  of 
Tipuani  is  perhaps  the  highest  in  Bolivia.  From  the  total  absence 
of  vegetation  and  the  intense  cold,  it  is  sup}K)sc<l  to  exoeetl  10,000 
feet  above  the  Pacific.  The  jmlhs  of  Quindiu,  in  New  (ininada, 
though  not  so  high,  is  the  most  difficult  of  all  across  the  Andes; 
but  those  crossing  the  mountain-knots  from  one  table-land  to 
another  are  the  most  dangerous.  The  road  over  the  Paramo  del 
Assuay,  in  the  plain  of  Quito,  is  nearly  as  high  as  Mont  Blanc ; 
and  travellers  not  unfrequently  perish  from  cold  winds  in  attempt- 
inj;  it.* 

5  8.  On  the  western  side  of  the  Peruvian  Andes  little  or  no  rain 
Calls,  cxcei)t  at  their  most  southern  extremity  ;  and  scanty  vegeta- 
tion api)ears  only  on  sjiots  or  in  small  valleys  watered  by  streams 
from  the  Andes.  Excessive  heat  and  m<»isture  combine  to  cover 
the  eastern  side  and  its  oftsets  with  tandcd  forests  of  lan^e  trees  and 
dense  bnishwoiHl.  This  exulwrauce  diminishes  as  the  height  in- 
crease's, till  at  last  the  barren  rocks  are  covered  only  by  snow  and 
glaciers.  In  the  Andes  near  the  tH]uator  glaciers  descending  IhjIow 
the  snow-line  are  unknown.  The  steepness  of  the  declivities  and 
the  dryness  of  the  air  at  such  great  elevations  ])revejit  any  accumu- 
lation of  infiltnitcni  water :  the  annual  variations  of  temix^rature, 
besides,  are  small.  Nothing  can  surpass  the  desolation  of  these 
regions,  where  nature  has  l)een  shaken  by  terrific  convulsions.    The 


*  It  appears  by  the  moasuromcnts  of  Mr.  Pentlnml  in  the  Poru-Bolivian 
Andes  that  many  of  their  passes  are  hijrher  than  in  the  e>iiiatorial  {(ortion 
of  the  chain.  The  passes  of  Rumihuasi,  on  the  luojh-road  from  Cusco  to 
Arequipa,  of  Toledo  (hetwoen  Arw^uipa  an«l  l*tmo).  of  Gualillas  and  ("hul- 
lunquiani  (lM»tween  Arica  and  Li  Paz),  all  in  the  Western  Conlilh'ra,  attain 
the  res|>ectivc  elevations  of  PJ.IGO ;  15,700 ;  14,750  ;  and  15,1()0  foot ;  whilst 
in  the  Eastern  or  liiilivian  Cordillera  tlw*  passes  of  Challa  (iM'tw^en  Oruro 
ami  Cochahamha).  of  Paruani  (between  Li  Paz  and  Coroi(M>),  of  Pumapa* 
cheta  (i>etw<M»n  the  lake  of  Titicaea  and  the  aOlnents  to  the  Amazon),  of 
Vilcaliotn  (lietween  the  valley  of  the  (.'(dlai)  and  that  of  the  riv«T  Yuciy), 
rise  to  the  heights  of  i:i,GOu';   l:^.;50  ;  i:j,«3oo  ;  and  14,52.J  Kuglish  fe«t. 
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dazzling  snow  fatigues  the  eye ;  the  huge  masses  of  bold  rock,  the 
mural  precipices,  and  the  chasms  yawning  into  dark  unknown 
depths,  strike  the  imagination ;  while  the  crash  of  the  avalanche  or 
the  rolling  thunder  of  the  volcano  startles  the  ear.  In  the  dead  of 
night,  when  the  sky  is  clear  and  the  wind  hushed,  the  hollow 
moaning  of  the  volcanic  fire  fills  the  Indian  with  superstitious 
dread  in  the  death-like  stillness  of  these  solitudes. 

In  the  very  elevated  plains  between  the  transverse  groups,  such 
as  that  of  Bombon,  however  pure  the  sky,  the  landscape  is  lurid  and 
colourless  ;  the  dark-blue  shadows  are  deeply  defined,  and  from  the 
thinness  of  the  air  it  is  hardly  possible  to  make  a  just  estimate  of 
distance.  Changes  of  weather  are  sudden  and  violent ;  clouds  of 
black  vapour  arise,  and  are  carried  by  fierce  winds  over  the  barren 
plains  ;  snow  and  hail  are  driven  with  irresistible  impetuosity  ;  and 
thunder-storms  come  on,  loud  and  awful,  without  warning.  Not- 
withstanding the  thinness  of  the  air,  the  crash  of  the  peals  is  quite 
appalling ;  while  the  lightning  runs  along  the  scorched  grass,  and, 
sometimes  issuing  from  the  ground,  destroys  a  team  of  mules  or  a 
flock  of  sheep  at  one  flash.^ 

Currents  of  warm  air  are  occasionally  met  with  on  the  crest  of 
the  Andes — an  extraordinary  phenomenon  on  such  gelid  heights, 
which  is  not  yet  explained ;  they  generally  occur  two  hours  after 
sunset,  are  local  and  narrow,  not  exceeding  a  few  fathoms  in  width, 
similar  to  the  equally  partial  blasts  of  hot  air  in  the  Alps.  A 
singular  instance,  probably  of  earth-light,  occurs  in  crossing  the 
Andes  from  Chile  to  Mendoza.  On  this  rocky  scene  a  peculiar 
brightness  occasionally  rests,  a  kind  of  undescribable  reddish  light, 
which  vanishes  during  the  winter  rains,  and  is  not  perceptible  on 
sunny  days.  Dr.  Poppig  ascribes  the  phenomenon  to  the  dryness 
of  the  air ;  he  was  confirmed  in  his  opinion  from  afterwards  ob- 
ser\nng  a  similar  brightness  on  the  coast  of  Peru,  and  it  has  also 
been  seen  in  Egypt. 

ITie  Andes  S.  of  Peru  descend  to  the  eastern  plains  by  a  series 
of  cultivated  terraces,  as  those  of  Tucuman,  Salta,  and  Jujuy,  in  the 
republic  of  La  Plata.  That  of  Tucuman  is  2500  feet  above  the  sea. 
In  Peru  the  descent  to  the  E.  is  more  precipitous  ;  all  the  streams 
flow  to  the  plains  down  stupendous  ravines  or  quehrwlas,  the  heights 
dividing  one  water-course  from  another  being  so  steep  and  lofty  that 
the  traveller  has  to  make  a  wide  circuit  to  jmss  from  valley  to  val- 
ley. In  descending  by  the  banks  of  the  rivers,  the  change  is  rapid, 
from  the  cool  region  of  scanty  vegetation  down  to  the  sweltering 
plains,  where  grow  the  banana  and  sugar-cane  in  tropical  luxuriance. 


*  Poppig. 
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Li^t  mists  hang  over  the  forest  landscai)e  in  early  morning,  and 
the  gleam  of  leaping  cascades  from  the  neighbouring  heights  adds 
to  the  glory  of  the  scene.  Further  N.,  on  the  Pluallaga,  the  Andes 
end  abruptly  like  a  steep  wall,  and  the  transition  is  sudden  from 
the  region  of  mountains  to  that  of  the  Amazon  plains,  which  ex- 
tend almost  without  inequalities  from  the  foot  of  the  mountain  wall 
to  the  Atlantic. 

§  9.  The  low  lands  to  the  E.  of  the  Andes  are  divided  by  the 
table-lands  and  mountains  of  Guiana  .and  Brazil  into  three  parts  of 
very  different  aspect — the  deserts  and  Paminis  of  Patagonia  and 
Buenos  Ayres,  the  forest  plains  of  the  Amazon,  and  the  Llanos  or 
grassy  steppes  of  the  Orinoco.  The  eastern  table-lands  nowhere 
exceed  2500  feet  of  absolute  height.  The  plains  are  so  low  and 
flat,  especially  at  the  foot  of  the  Andes,  that  a  rise  of  10(X)  feet  in 
the  Atlantic  Ocean  would  submerge  more  than  half  the  continent 
of  South  America. 

The  system  of  Farima  or  Guiana  is  a  grouj)  of  mountains  scat- 
tered over  a  table-land  not  more  than  2000  feet  alx>ve  the  sea, 
which  extends  tiOO  or  700  miles  from  E.  to  W.,  between  the  river 
C  )rinoco,  the  Rio  Negro,  the  Amazon,  and  the  Atlantic  Ocean.  It 
is  quite  unconnecte<l  with  the  Andes,  being  80  leagues  E.  from  the 
mountains  of  New  Granarla.  It  begins  (JO  or  70  miles  from  the 
coast  of  Venezuela,  ascends  bv  four  successive  terraces  to  undulating 
plains,  which  reach  to  within  one  or  two  degrees  of  the  equator,  and 
is  twice  as  long  as  it  is  broad. 

Seven  chains,  besides  groups  of  mountains,  traverse  the  table- 
land from  W.  to  E.,  of  which  the  chief  is  the  Sierra  del  Parima. 
Beginning  at  the  mouth  of  the  Meta,  it  crosses  the  plains  of  Esme- 
ralda to  the  frontier  of  Brazil.  This  chain  is  not  more  than  600  feet 
hi'^h,  is  everywhere  a])rupt,  and  Tonus  the  watershed  between  the 
tributaries  of  the  Amazon  and  of  the  Orinoco.  The  Orinoco  rises 
on  the  northern  side  of  the  Sierra  del  Parima,  and  in  its  circuitous 
course  over  the  plains  of  F^smeralda  it  breaks  through  that  chain 
and  the  jMirallel  one  of  the  Maypures  3f)  miles  to  the  S. :  dashing 
with  violence  against  the  transverse  shelving  rocks  and  dykes,  it 
forms  the  maguiticent  series  of  rapids  and  cataracts  of  Maypures 
anti  Atures,  from  whence  the  l^arinia  mountains  have  got  the  name 
of  the  Cordillera  of  the  Cataracts  of  the  Orintxjo.  The  chain  is  of 
granite,  which  forms  the  banks  and  tills  the  bed  of  the  river, 
covered  with  luxuriant  tropical  vegetation,  especially  ]>altn-forests. 
In  the  district  of  the  UpixT  Orinoco,  near  Charichana,  there  is  a 
granite  rock  which  emits  musical  sounds  at  sunrise,  like  the  notes 
of  an  organ,  occasioned  by  the  difference  of  temi^rature  of  the 
external  air  and  that  which  fills  the  deep  narrow  crevices  with 
which  the  rock  is  ever v where  torn.     Something  of  the  same  kind 
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occurs  at  Mount  Sinai,  but  the  sound  is  there  caused  by  the  friction 
of  moving  sand.* 

The  other  parallel  chains  that  extend  over  the  table-land  in 
Venezuela  and  Guiana,  though  not  of  great  height,  are  rugged,  and 
often  crowned  with  mural  ridges :  they  are  sej)arated  by  flat  savan- 
nahs, generally  barren  in  the  dry  season,  but  after  the  rains  covered 
with  a  carpet  of  long  emerald-green  grass,  mixed  with  flowers. 
The  vegetation  in  these  countries  is  beautiful  beyond  imagination. 
The  regions  of  the  Upper  Orinoco  and  Rio  Negro,  and  of  almost 
all  the  mountains  and  banks  of  rivers  in  Guiana,  are  clothed  with 
majestic  and  impenetrable  forests,  whose  moist  and  hot  recesses 
are  the  favourite  abode  of  the  singular  and  beautiful  family  of  the 
Orchideae. 

Although  all  the  mountains  of  the  system  of  Parima  are  wild 
and  rugged,  they  are  not  high.  The  inaccessible  peak  of  the  Cerro 
Duida,  which  rises  insulated  7155  feet  above  the  plain  of  Esmeralda, 
is  the  culminating  point,  and  one  of  the  highest  mountains  in  South 
America  E.  of  the  Andes.  ITie  fine  savannahs  of  the  Kupununi 
were  the  country  of  romance  in  the  days  of  Queen  Elizabeth.  S. 
of  Pacaraime,  near  an  inlet  of  the  river,  the  far-famed  city  of  Manoa 
was  supposed  to  stand,  the  object  of  the  unfortunate  exiH'dition  of 
Sir  Walter  Haleigh;  about  11  miles  S.W.  of  which  is  situate  the 
lake  Amucu,  "  the  Great  Lake  with  golden  banks '' — great  only 
during  the  j)eriodical  floods.'  Gold  has  lately  been  rediscovered  in 
this  region  between  the  Imataca  hills  and  the  Cuyuni  river,  and 
flourishing  establishments,  called  the  gold-mines  of  Caratal,  are 
drawing  population  and  capital  to  the  country — a  welcome  justifica- 
tion of  the  reports  which  attracted  our  great  countryman. 

§  10.  On  the  southern  side  of  the  basin  of  the  river  Amazon  lies 
the  table-land  of  Brazil,  having  a  mean  height  of  about  2500  feet, 
which  occupies  half  that  empire,  together  with  jiart  of  the  republics 
of  the  Kio  de  la  Plata  and  Uruguay.  Its  form  is  a  triangle,  whose 
apex  is  at  the  confluence  of  the  rivers  Mamor^  and  Beni ;  and  its 
base  extends,  near  the  shores  of  the  Atlantic,  from  the  mouth  of 
the  Kio  de  la  Plata  to  within  three  degrees  of  the  equator.  It  is 
difficult  to  define  the  limits  of  this  vast  territory,  but  some  idea  may 
be  formed  of  it  by  following  the  directions  of  the  rapids  and 
cataracts  of  the  rivers  descending  from  it  to  the  plains  around. 
Thus  a  line  drawn  from  the  fall  of  the  river  of  the  Tocantins,  in 
3°  30'  S.  latitude,  to  the  cataracts  of  the  Madeira,  in  the  8th 
degree  of  S.  latitude,  will  nearly  mark  its  northern  boundary ; 
from  thence  the  line  would  run  S.W.  to  the  junction  of  the  Mamord 


*  Hamboldt.  '  Humboldt's  Personal  Narrative. 
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mod  Beni ;  then  turning  to  the  S.E.  along  the  ridges  of  mountains 
called  the  Cordillera  Geral,  and  Sierra  Parecis,  it  would  proceed  S. 
to  the  cataract  of  the  Parana,  called  the  Sete  Quedas,  in  24^  3(/  S. 
latitude ;  and  lastly  from  thence,  by  the  ^p*eat  falls  of  the  river 
Ignassu,  to  the  Morro  de  Santa  Martha,  in  latitude  28°  4(y,  S.  of 
the  island  of  St.  Catherine. 

Chains  of  mountains,  nearly  parallel,  extend  from  S.W.  to  N.E. 
700  miles  along  the  base  of  the  triangle,  with  a  breadtli  of  about 
400  miles.     Of  these,  the  Sierra  do  Mar,  or  the  "  coast -chain," 
reaches  from  the  river  Uruguay  to  Cape  San  Roque,  never  more 
distant  than  20  miles  from  the  Atlantic,  except  to  tlie  S.  of  the 
bay  of  Santos,  where  it  is  80.     It  is  the  richest  botanical  region  in 
BraziL    Offsets  diverge  to  the  right  and  left ;  the  granitic  ]K>aks  of 
the  Corcovado  and  Tejuco,  which  form  such  picturesque  objects  in 
that  most  magnificent  of  panoramas,  the  bay  of  Rio  de  Janeiro,  are 
the  extremities  of  one.     The  parallel  chain  of  Espinha9o,  licginning 
near  the  town  of  San  Paolo,  and  the  continuous  chains  of  the  Serra 
Frio,  forming  the  western  boundary  of  the  basin  of  the  Rio  San 
Francisco,  is  the  highest  in  Brazil,  one  of  its  mountains,  Itambe, 
iwing  8426  feet  above  the  sea.     All  the  mountAins  in  Brazil  have  a 
general  tendency  from  S.W.  to  N.E.,  except  the  transverse  chain 
of  the  Sierra  dos  Vertentes,  which  rises  60  miles  S.  of  Villa  Rica, 
and  runs  in  a  tortuous  line  to  its  termination  near  the  junction  of 
the  Mamor^  and  Beni.     It  forms  the  watershed  of  the  tributaries 
of  the  San  Francisco  and  Amazon  on  the  N.,  and  tliose  of  the  Rio 
de  la  Plata  on  the  S. ;  its  greatest  height  is  3500  feet  above  the  sea ; 
its  western  part,  the  Sierra  Parecis,  is  merely  a  succession  of  detached 
hills.     This  chain,  the  coast-chain  of  Venezuela,  and  the  mountains 
of  Parima,  are  the  only  ranges  in  the  continent  of  America  that  do 
not  entirely,  or  in  some  degree,  lie  in  a  meridional  directitm. 

Forests  of  magnificent  trees,  Iwund  together  by  tangled  creej)ing 
and  parasitical  plants,  clothe  the  declivities  of  the  mountains  and 
line  the  banks  of  the  Brazilian  rivers,  where  the  soil  is  rich  and 
the  verdure  brilliant.  Many  of  the  plains  on  the  table-land  bear 
a  coarse  nutritious  grass  after  the  rains  only,  others  forests  of  dwarf 
trees :  but  vast  undulating  tracts  are  alwavs  verdant  with  excellent 
pasture  intermixetl  with  fields  of  com.  Some  parts  consist  of  bare 
sand  and  rolled  quartz ;  and  the  Campc«  Parecis,  N.  of  the  Sierra 
dos  Vertentes,  in  the  province  of  Matto  Grosso,  is  a  sandy  desert  of 
unknown  extent,  similar,  but  uj)on  a  smaller  scale,  to  the  Great 
Gobi  on  the  table-land  of  Tibet. 
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CHAPTER    X. 


80CTH   AMERICA. 


§  1.  Low  lands  of  South  America;  desert  of  Patagonia;  Pampas  of  Buenos 
Arres.  §  2.  The  forest  of  the  Amazon.  §  3.  Llanos  of  the  Orinoco  and 
Venezuela.     §  4.  Geological  notice. 

§  1.  The  southern  plains  are  the  most  barren  of  the  three  ^eat 
tracts  of  American  low  lands :  they  stretch  from  Tierra  del  Fuego 
over  27  degrees  of  latitude,  or  1900  miles,  nearly  to  Tucuman,  and 
the  hilly  country  of  Brazil.     Palms  grow  at  one  extremity,  deep 
snow  covers  the  other  many  months  in  the  year.     This  enormous 
l)lain,  of  1,620,000  square  miles,  begins  on  the  eastern  side  of  Tierra 
del  Fuego,  where   it  is  a  flat  covered  with  trees,  and  therefore 
superior  to  its  continuation  on  the  continent  through  eastern  Pata- 
gonia, which,  for  800  miles  from  the  land's  end  to  beyond  the  Rio 
Colorado,  is  a  desert  of  shingle.*     It  is  occasionally  diversified  by 
huge  boulders,  tufts  of  brown  grass,  low  bushes  armed  with  thorns, 
salt  lakes,  with  saline  incrustations  as  white  as  snow,  and  by  black 
basaltic  platforms  like  plains  of  iron,  at  the  foot  of  the  Andes,  barren 
as  the  rest.     Eastern  Patagonia,  however,  is  not  one  universal  flat, 
but  a  succession  of  shingly  horizontal  plains  at  higher  and  higher 
levels,  separated  by  long  lines  of  escarpments,  the  gable-ends  of 
the  tiers  or  plains.     The  ascent  is  small,  for  even  at  the  foot  of  the 
Andes  the  highest  of  these  platforms  is  only  3000  feet  above  the 
oceaiL     The  plains  are  here  and  there  intersected  by  a  ravine  or  a 
stream,  the  waters  of  which  do  not  fertilize  the  blighted  soil.     The 
transition  from  intense  heat  to  intense  cold  is  rapid,  and  piercin*: 
winds  often  rush  in  hurricanes  over  these  deserts,  shunned  even  by 
the  Indian,  except  when  he  crosses  them  to  visit  the  tombs  of  his 
fathers.    The  shingle  ends  a  few  miles  to  the  N.  of  the  Kio  Colorado : 
there  the  red  calcareous  earth  of  the  Pampas  begins,  covered  with 
roarse  tufted  grass,  without  a  tree  or  bush  to  relieve  the  view. 
This  countrv,  nearlv  as  level  as  the  sea  and  without  a  stone,  ex- 
toiuis  almost  to  the  table-land  of  Brazil ;   and  for  1000  miles  be- 


*  Admiral  P.  B.  King  and  Mr.  Darwin. 
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tveen  the  Atlantic  and  the  Andes,  interrupted  only  at  considerable 
distances  by  a  solitary  umbu,  the  only  tree  of  this  soil,  risinp;  like  a 
great  landmark.  This  wide  space,  though  almost  destitute  of  water, 
is  not  all  of  the  same  description.  In  the  Pani|>a8  of  Buenos  Ayres 
there  are  four  distinct  rej^ons.  For  180  miles  W.  from  Buenos 
Ayres  the  plains  are  covered  with  thistles  and  lucern  of  the  most 
Tivid  green  so  long  as  the  moisture  from  the  rain  lasts.  In  spring 
the  Tonlure  fades,  and  a  month  afterwards  the  thistles  shoot  up  10 
feet  high,  80  dense  and  ho  protecte«l  by  spines  that  they  are  im- 
penetrable. During  the  summer  the  dried  stalks  are  broken  by  the 
wind,  and  the  lucern  again  spreads  freshness  over  the  ground.  The 
Pampas,  for  430  miles  W.  of  this  rejiion,  are  covered  with  long 
tnfted  luxuriant  grass,  intermixed  with  flowers,  affording  inex- 
haustible pasture  to  thousands  of  horses  and  cattle.  This  is  fol- 
lowed by  a  tract  of  swamps  an<l  bogs,  to  which  succeeds  a  region  of 
ravines  and  stones;  and,  lastly,  a  zone,  reaching  to  the  Andes,  of 
thorny  bushes  and  dwarf  trees  fonniiig  a  dense  thicket.  The  plains 
in  Kntre  Rios  in  Uruguay,  those  of  Santa  Fe',  and  a  great  ])art.  of 
Cofdora  and  Tucuman,  are  of  sward,  with  ciittle  farms.  The  banks 
of  the  Parani,  and  other  tributaries  of  the  Plata,  are  adorned  with 
an  infinite  variety  of  tropical  productions,  esiK?cially  the  graceful 
tribe  of  palms ;  and  the  river  islands  are  bright  with  orange-groves. 
A  desert  of  sand,  calle<l  El  Gran  Chaco,  exists  W.  of  the  l*araguay, 
the  vegetable  produce  of  which  is  confined  to  varieties  of  the  aloe 
and  cactus  tribes.  Adjoiniug  this  dewrt  are  the  Bolivian  provinces 
of  Chiquitos  and  Moxos,  covered  with  forests  and  jungles,  the  scene 
of  the  most  laborious  and  Ix'neficeiit  exertions  of  the  Jesuit  mis- 
sionaries in  the  last  century  towards  the  civilization  of  the  aborigines 
of  South  America. 

The  Pampas  of  Buenos  Ayres,  1000  feet  alx)ve  the  sea,  sink  to  a 
low  level  along  the  foot  of  the  Andes,  where  the  streams  from  the 
mountains  collect  in  larg<}  lakes,  swamps,  lagtwns  of  great  extent, 
and  wide-spreading  salt-marshes.  ^I'liese  swamjis  are  swollen  to 
thousands  of  sjpiare  miles  by  the  annual  lloo<ls  of  the  rivers,  which 
also  inundate  the  Pamj)as,  leaving  a  fertilizing  coat  of  mud.  Multi- 
tudes of  animals  perish  in  the  floods,  and  the  drought  that  some- 
times succeeiis  is  more  fatal.  Ik'tween  the  years  1830  and  1H32  two 
millions  of  cattle  died  from  want  of  f(H>d.  Millions  of  animals  are 
sometimes  destrrtvcMl  bv  casual  and  dreadful  confla«irations  in  these 
countries  when  covered  with  dr>'  grass  and  thistles.* 

§  2.  The  gn?at  forest,  or  Matto,  as  it  is  cslleil  by  the  Brazilians, 
bordering  on  the  river  Amazon  forms  the  second  division  of  the 


*  Sir  Wo(Mn)ine  Parish  on  Buenos  Ayres.  and  Sir  Franciit  Head's  .Journey 
over  the  Pampas. 

I      ad 
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South  American  low  lands.  This  country  is  more  uneven  than  the 
Pampas,  and  the  vegetation  is  so  dense  that  it  can  only  be  penetrated 
by  sailing  up  the  river  or  its  tributaries.  The  forests  not  only  cover 
the  basin  of  the  Amazon  from  the  Cordillera  of  Chiquitos  to  the 
mountains  of  Parima,  but  also  its  limiting  mountain-chains,  the 
Sierra  dos  Vertentes  and  Parima,  so  that  the  whole  forms  an  area  of 
woodland  more  than  six  times  the  size  of  France,  lying  between  the 
18th  parallel  of  S.  latitude  and  the  7th  of  N. ;  consequently  inter- 
tropical and  traversed  by  the  equator.  There  are  some  marshy 
savannahs  along  the  margins  of  the  Lower  Amazon,  and  some  grassy 
steppes  on  the  Guiana  side  of  the  river;  but  they  are  insignificant 
compared  with  the  virgin  forest,  which  extends  1500  miles  in  length, 
varying  in  breadth  from  350  to  800  miles.  According  to  Hum- 
boldt, the  soil,  enriched  for  ages  by  the  spoils  of  the  forest,  consists 
of  the  richest  mould.  The  temperature  in  the  deep  and  dark 
recesses  of  these  primeval  woods  is  much  moderated  by  the  shade 
and  cool  winds  from  the  sea;  but  the  air  is  saturated  with  moisture, 
and  the  damp  is  so  excessive  that  a  blue  mist  rises  in  the  early 
morning  among  the  huge  stems  of  the  trees,  and  envelopes  the 
entangled  creepers  stretching  from  bough  to  bough.  A  death-like 
stillness  prevails  during  the  heat  of  mid-day,  but  at  sunrise  and 
sometimes  in  the  night,  the  songs  of  strange  birds,  and  the  cries  of 
invisible  animals,  give  some  degree  of  animation  to  the  leafy  wilder- 
ness. The  anxiety  and  terror  of  the  animals  before  a  thunder- 
storm is  excessive,  and  all  nature  seems  to  partake  in  the  dread. 
The  tops  of  the  lofty  trees  rustle  ominously,  though  not  a  breath  of 
air  agitates  them ;  a  hollow  whistling  in  the  high  regions  of  the 
atmosphere  comes  as  a  warning  from  the  black  floating  vapour; 
midnight  darkness  envelopes  the  ancient  forests,  which  soon  after 
groan  and  creak  with  the  blast  of  the  hurricane.  The  gloom  is 
rendered  still  more  hideous  by  the  vivid  lightning  and  the  stunning 
crash  of  thunder.  Even  fishes  are  affected  with  the  general  con- 
sternation ;  for  in  a  few  minutes  the  Amazon  rages  in  waves  like  a 
stormy  sea. 

§  3.  The  Llanos  of  the  Orinoco  and  Venezuela,  covered  with  long 
grass,  form  the  third  region  of  South  American  low  lands,  and  occupy 
153,000  square  miles  between  the  deltas  of  the  Orinoco  and  the 
coast  range  of  Venezuela,  level  as  the  surface  of  the  sea.  It  is 
possible  to  travel  over  these  flat  plains  for  several  hundred  miles 
without  seeing  an  eminence  a  foot  high.  They  are  twice  as  long  as 
they  are  broad ;  and  as  the  wind  blows  constantly  from  the  E.,  the 
climate  is  the  more  ardent  the  farther  W.  These  steppes  for 
the  most  part  are  destitute  of  trees  or  bushes,  yet  in  some  places 
they  are  dotted  wi'  h  the  mauritia  and  other  palm-trees.  Flat  as 
these  plains  are,  there  are  in  some  places  two  kinds  of  inequalities ; 
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cme  oonsiBts  of  banks  or  shoals  of  grit  or  compact  limestone,  5  or  6 
feet  high,  perfectly  level  for  several  leagues,  and  imperceptible 
except  on  their  edges :  the  other  inequality  can  only  be  detected  by 
levelling  instruments ;  it  is  called  a  Mesa,  and  is  an  eminence  rising 
imperceptibly  to  the  height  of  some  fathoms.  Small  as  the  eleva- 
tion is,  a  mesa  forms  the  watershed  from  S.W.  to  N.E.,  between  the 
afSuents  of  the  Orinoco  and  the  streams  flowing  to  the  northern 
eoQst  of  Terra  Firma.  In  the  wet  season,  from  April  to  the  end  of 
October,  the  tropical  rains  pour  down  in  torrents,  and  hundreds 
of  square  miles  of  the  Llanos  are  inundated  by  the  floods  of  the 
rivers.  The  water  is  sometimes  several  feet  deep  in  the  hollows,  in 
which  so  many  horses  and  other  animals  perish  that  the  ground 
retains  the  smell  of  musk,  an  odour  peculiar  to  many  South  American 
quadrupeds.  From  the  flatness  of  the  country  too,  the  waters  of 
some  afQuents  of  the  (h'inoco  are  driven  backwards  by  the  floods 
of  that  river,  esi)ecially  when  aided  by  the  wind,  and  form  tem- 
porary lakes.  When  the  waters  subside,  these  steppes,  manurrd  by 
the  sediment,  are  mantled  with  verdure,  and  produce  the  pine-apple 
plant,  whilst  occasional  groups  of  fan-palm  trees  and  mimosas  skirt 
the  rivers.  When  the  dry  weather  returns,  the  grass  is  burnt 
up;  the  air  is  filled  with  dust  raised  by  currents  occasioned  by 
difference  of  temperature,  even  where  there  is  no  wind.  If  by  any 
accident  a  spark  of  fire  falls  on  the  scorched  plains,  a  conflagration 
spreads  from  river  to  river,  destroying  every  living  creature,  and 
leaves  the  clayey  soil  sterile  for  years  till  vicissitudes  of  weather 
recrumble  the  brick-like  surface  into  a  vegetable-producing  earth. 

The  Llanos  lie  between  the  equator  and  the  Tropic  of  Cancer;  the 
mean  annual  temiK^rature  is  about  84°  of  Fahrenheit.  The  heat  is 
most  intense  during  the  miny  season,  when  tremendous  thunder- 
storms are  of  common  occurrence. 

§  4.  The  most  remarkable  circumstance  in  the  geological  features 
of  the  South  American  continent  is  the  vast  development  of  volcanic 
action,  which  is  confineti  to  the  chain  of  the  Andes,  where  it  has 
acquired  a  considerable  bretidth,  as  in  the  Pem-Bolivian  portion,  in 
the  part  nearest  the  sea-coast.  It  would  be  wrong,  however,  to  say 
that  there  arc  no  tmoes  of  modem  volcanic  action  at  a  great  distance 
from  the  sea.^    The  volcanic  vents  occur  in  the  Andes  in  linear 


*  Mr.  Pentland  found  a  very  perfect  volcanic  crater,  with  well-marked 
currents  of  lava  issuing  from  it — a  rare  occurrence  in  the  higher  craters  of 
the  Andes — not  far  from  San  P»»dro  de  Cacha  in  the  valley  of  the  Yncav 
(lat.  14°  1'2'  S.,  long.  71°  15'  W.,  and  at  an  elevation  of  12,000  feet),  near  to 
the  ruins  of  the  Temple  of  the  Inca  Viracocha,  a  monument  and  a  locality 
celebrato<l  in  Peruvian  le}:;end,  the  nearest  point  of  the  sea-coast  being  llh 
miles  distant.  It  is  probable  that  some  of  the  most  celebrated  mining  dis- 
tricts of  Alto  Peru — Potosi,  for  instance,  situated  in  porphyry — have  been 
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groups :  the  most  southern  of  these  is  that  of  Chile,  extending  from 
the  latitude  of  Chiloe  to  that  of  Santiago,  42°  to  33°  S. :  in  this 
space  exist  five  well  authenticated  craters  in  ignition — the  most 
southern  is  the  volcano  of  Llanquihue  or  Osomo,  observed  by  M. 
Gay,  and  the  most  northern  that  of  Maypu,  the  fires  of  which  are 
sometimes  seen  from  the  capital  of  Chile.  Between  these  two 
are  situated  those  of  Villarica,  Antuco,  and  Chilian.  The  volcano 
of  Antuco  was,  in  1845,  when  visited  by  M.  Domeyko,  in  great 
activity;  its  height,  as  determined  by  that  naturalist,  is  8918  feet 
only,  and  the  snow-line  on  its  sides  7996  feet  above  the  sea ;  the 
volcano  of  Villarica  is  120  miles  S.,  and  that  of  Chilian  80  miles  N. 
of  the  volcano  of  Antuco.  From  the  33rd  jmrallel  to  the  Bolivian 
frontier  there  does  not  appear  to  be  a  single  volcanic  vent,  but  in 
the  province  of  Atacama  rise  the  volcanoes  of  Licancan  and  Ata- 
cama,  E.  of  San  Pedro  of  Atacama,  still  occasionally  in  activity. 
The  mountain  of  Isluga,  in  lat.  19°  11'  S.,  and  in  the  province  of 
Tarapaca,  is  also  an  active  volcano ;  but  the  great  centre  of  volcanic 
action  in  this  part  of  the  Western  Cordillera  extends  from  18°  10'  S., 
to  16°  20'  S.,  where  the  Andes  have  changed  their  direction  from 
being  parallel  to  the  meridian  to  one  inclined  nearly  45  degrees  to 
that  line.  The  trachytic  giant  domes  of  the  Andes,  Sahama,  and  the 
Nevado  of  Chuquibamba  mark  the  N.  and  S.  limits  of  this  line  of 
vents:  the  former, one  of  the  most  perfect  trachytic  pyramids  in  the 
Andes,  rises  to  the  height  of  22,350  feet,  in  lat.  18°  7'  S.  and  long.  68° 
54'  W. ;  near  to  it  are  the  twin  Nevados  of  Pomarape  and  Parinacota, 
one  of  which  appeared  to  Mr.  Pentland  still  to  emit  vapours.  The 
group  of  snowy  peaks  seen  from  Arica,  the  centre  of  which,  the 
^'evado  of  Tacora,  is  in  lat.  17°  43'  S.,  offers  a  broken-down  crater, 
and  an  active  solfatara,  on  one  of  its  sides.  This  region  was  the  focus 
of  the  great  earthquake  of  August  13th,  1868.  Between  the  latitude 
of  Arequipa  (16°  24'  S.)  and  the  equatorial  group  of  volcanoes,  the 
Andes  do  not  present  a  single  active  crater.  This  equatorial  group 
extends  over  a  meridional  line  of  3i  degrees — between  the  Peak  of 
Sangay  and  the  volcano  of  Los  Pastos.  The  most  remarkable 
of  these  volcanic  vents  are  the  Sangay,  Tunguragua,  and  Cotopaxi, 
all  situated  in  the  Cordillera  most  remote  from  the  ocean.  Pichincha 
was  in  activity  as  recently  as  1831 ;  and  N.  of  the  equator,  Imba- 
bura,  the  volcanoes  of  Chiles,  of  Cumbal,  of  Tuqueres  or  Los  Pastos, 


upheaved  at  a  very  recent  period.  Modern  volcanic  rocks  are  not  want- 
ing in  the  valley  of  the  Desaguadero ;  volcanic  conglomerates  exist  in  the 
deep  ravines  round  the  city  of  La  Paz,  lat.  16°  39'  S. ;  and  the  mountain 
of  Litanias,  which  furnishes  the  building-stone  for  that  Bolivian  citv  (lat. 
16°  42'  S.,  long.  68°  19J'  W.),  is  composed  of  a  most  perfect  trachyte,  and 
rises  to  a  height  of  14,500  feet  above  and  at  a  distance  of  160  miles  from 
the  Pacific. 
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of  Sotara  azid  Pumce,  mark  the  extension  of  actual  volcanic  action 
into  the  northern  hemisphere. 

Granite,  which  seems  to  be  the  base  of  the  whole  continent,  is 
widely  spread  to  the  £.  and  S. ;  it  ap^x^ars  in  Tierra  del  Fuego  and 
in  the  Patagonian  Andes  abundantly,  at  great  elevations,  and  in 
Chile  and  southern  Peru  fonns  the  line  of  hills  ])arallel  to  the  Pacific, 
wherein  are  situated  the  mineral  riches  of  the  former  republic. 
Palaeozoic  rocks  abound  in  the  Bolivian  Cordillera,  the  lofty  moun- 
tains according  to  Dr.  Forbes  showing  ujjtilted  strata  of  the  Silurian 
epoch;  and  the  carboniferous  limestone,  with  its  characteristic 
fossils,  forms  in  the  basin  of  Titicaca  entire  islands,  amongst  others 
that  from  which  the  lake  takes  its  name,  one  of  the  earliest  seats 
of  Peruvian  civilization.  Quartz  rock,  ])robably  of  the  Devonian 
period,  is  much  develoxxnlj  generally  mixed  with  mica,  and  rich  in 
gold  and  specular  iron.  It  sometimes  extends  several  leagues  in  the 
western  declivities  of  Peru  6000  feet  thick. 

Fossil  shells  of  different  geological  i)oriod8  arc  foimd  at  various 
elevations,  which  shows  that  many  upheavings  and  subsidences 
have  taken  place  in  the  chain  of  the  Andes.     Mr.  Pentland  found 
shells  of  the  Silurian  period  at  a  height  of  17,500  feet  on  the  Bolivian 
Nevado  of  Antakaua,  lat.  16°  21'  S.,  and  those  of  the  carboniferous 
limestones  as  high  as  14,200  in  several  i)art8  of  Upper  Peru.     Mr. 
Darwin  supposes  that  the  whole  range,  after  twice  subsiding  some 
thousand  feet,  was  brought  up  by  a  slow  movement  in  mass  during 
the  Eocene  jjeriod,  after  which  it  sank  down  once  more  several 
hundred  feet,  to  be  again  upliftetl  to  its  j)resent  level  by  a  slow  and 
often  interrupted  motion.     These  vicissitudes  are  very  perceptible, 
especially  at  its  southern  extremity.     Stems  of  large  trees,  which 
Mr.  Darwin  found  in  a  fossil  state  in  the  Us^)allata  range,  on  the 
eastern  declivity  of  the  Chilian  Andes,  now  700  miles  distant  from 
the  Atlantic,  exhibit  a  remarkable  example  of  such  vicissitudes. 
These  trees,  with  the  volcanic  soil  on  which  they  bad  grown,  had  sunk 
from  the  beach  to  the  bottom  of  a  deep  ocean,  from  which,  after  five 
alternations  of  sedhncntary  de|)osits  and  deluges  c»f  submarine  lava 
of  prodigious  thickness,  the  whole  mass  was  raised  up,  and  now 
forms  the  Uspallata  chain.   Subsequently,  by  the  wearing  of  streams, 
the  embedded  trunks  have  been  brought  into  view  in  a  silicified 
state,  projecting  from  the  soil  in  which  they  grew — now  solid  rock. 
"Vast  and  scarcely  comprehensible  as  such  changes  must  ever 
appear,  yet  they  have  all  occurred  within  a  jKTioil  recent  when  com- 
pared with  the  history  of  the  Cordillera;  and  the  Cordillera  itself  is 
absolutely  modem  comjxired  with  many  of  the  fossiliferous  strata  of 
Europe  and  America."  * 

*  Darw'in's  Juurnal  of  Travels  in  South  America. 
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From  the  quantity  of  shingle  and  sand  in  the  valleys  in  the  lower 
ridges,  as  well  as  at  latitudes  from  7000  to  9000  feet  above  the 
present  level  of  the  sea,  it  appears  that  the  whole  area  of  the  Chilian 
Andes  has  been  upheaved  by  a  gradual  motion ;  the  coast  is  now 
rising  in  some  places  by  the  same  imperceptible  degrees ;  it  has  been 
sometimes  suddenly  elevated  by  small  upheavings  of  a  few  feet, 
accompanied  by  earthquakes,  one  of  the  most  remarkable  of  which 
was  that  which  shook  the  continent  to  an  extent  of  1000  miles  on 
the  20th  February,  1836. 

On  the  eastern  side  of  the  Andes  the  continent  from  Tierra  del 
Fuego  to  the  Eio  de  la  Plata  appears  to  have  been  raised  eii  masse 
by  one  great  elevating  force,  acting  equally  and  imperceptibly  for 
2000  miles,  within  the  period  of  the  now  living  race  of  marine 
animals,  which,  imbedded  in  many  parts  of  these  plains,  still  retain 
even  their  colours.  The  gradual  upward  movement  was  inter- 
rupted by  at  least  eight  long  periods  of  repose,  marked  by  the  edges  of 
the  successive  plains,  which,  extending  from  S.  to  N.,  had  formed  so 
many  lines  of  sea-coast,  as  they  rose  higher  and  higher  between  the 
Atlantic  and  the  Andes.  It  appears,  from  the  shingle  and  fossil 
shells  found  on  both  sides  of  the  Cordillera,  that  the  whole  south- 
western extremity  of  the  continent,  and  indeed  the  whole  Andean 
chain,  has  been  rising  slowly  for  a  long  time.  The  rise  on  some  parts 
of  the  coast  of  Chile  has  been  at  the  rate  of  several  feet  in  a  century; 
but  it  has  diminished  eastward,  till,  in  the  Patagonian  plains  and 
Pampas,  it  has  been  only  a  few  inches  in  the  same  time. 

The  instability  of  the  southern  part  of  the  American  continent  is 
less  astonishing  when  it  is  considered  that  at  the  time  of  the  great 
earthquake  of  1835  the  volcanoes  in  the  Chilian  Andes  were  in 
eruption  contemporaneously  for  720  miles  in  one  direction  and  400 
in  another,  so  that  in  all  probability  there  was  a  subterranean  lake 
of  molten  lava  twice  as  large  as  the  Black  Sea  below  this  extremity 
of  the  continent.* 

The  terraced  plains  of  Patagonia,  which  extend  for  hundreds  of 
miles  along  the  coast,  are  of  tertiary  strata,  not  in  basins,  but  in  one 
great  deposit,  above  which  lies  a  thick  stratum  of  a  white  pumi- 
ceous  substance,  extending  at  least  500  miles,  a  tenth  part  of  which 
consists  of  marine  infusoria.  Over  the  whole  lies  the  shingle  already 
mentioned,  spread  along  the  coast  for  700  miles  in  length,  with  a 
mean  breadth  of  200  miles,  and  50  feet  thick.  These  myriads  of 
pebbles,  chiefly  of  porphyry,  have  been  torn  from  the  rocks  of  the 
Andes,  and  water-worn,  at  a  period  subsequent  to  the  deposition  of 
the  tertiary  strata.    All  the  plains  of  Tierra  del  Fuego  and  Patagonia, 


>  Darwin's  Journal  of  Travels  in  South  America. 
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on  both  sides  of  the  Andes,  are  strewed  with  huge  houiders,  probably 
tiBnsported  by  icebergs  which  had  descended  to  lower  latitudes  in 
ancient  times  than  they  do  now — observations  of  great  interest, 
which  we  owe  to  Mr.  Darwin. 

The  stunted  vegetation  of  these  sterile  plains  was  sufBcient  to 
ncHirish  several  large  species  of  animals,  now  extinct,  even  at  a  period 
iw-hen  the  species  now  living  in  the  Patagonian  seas  existed. 
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CHAPTER   XL 


CENTBAL  AMERICA. 


§  1.  General  configuration  of  Central  America.  §  2.  Table-land  of  Guate- 
mala. §  3.  The  coaat  region.  §  4.  Proposed  ship-canal  between  the 
Atlantic  and  Pacific     §  5.  West  Indian  islands.     §  6.  Geological  notice. 

§  1.  Taking  the  natural  diyisions  of  the  continent  alone  into  con- 
sideration, Central  America  may  be  regarded  as  lying  between  the 
Isthmus  of  Panama  and  Darien  and  that  of  Tehuantepec,  and  con- 
sequently within  the  tropical  zone,  lliis  narrow  tortuous  strip  of 
land,  which  unites  the  continents  of  North  and  South  America, 
stretches  from  S.E.  to  N.W.  about  1200  miles,  varying  in  breadth 
from  30  to  300  or  400. 

As  a  regular  chain  the  Andes  end  suddenly  at  the  Isthmus  of 
Panama,  but  as  a  mass  of  high  land  they  continue  through  Cen- 
tral America  and  Mexico,  in  an  irregular  mass  of  table-lands  and 
mountain  ranges.  ITie  high  land  which  forms  the  central  ridge 
and  the  watershed  between  the  two  oceans  is  very  steep  on  its 
western  side,  and  runs  near  the  coast  of  the  Pacific,  where  Central 
America  is  narrow ;  but  to  the  north,  where  it  becomes  wider,  it 
recedes  to  a  greater  distance  from  the  shore  than  the  Andes  do  in 
any  other  part  between  Cape  Horn  and  Mexico.  From  the  survey 
for  the  railway  across  the  Isthmus  of  Panama,  the  highest  point 
traversed  by  the  road  is  Baldwin's  Summit,  299  feet  above  the  sea 
— which  it  crosses  by  a  tunne^  254  feet  above  the  same  level 

This  country  consists  of  three  distinct  groups,  divided  by  valleys 
which  run  from  sea  to  sea,  namely,  Costarica,  the  group  of  Hon- 
duras and  Nicaragua,  and  the  group  of  Guatemala.* 

North  of  the  isthmus  the  j)lains  of  Panama,  very  little  raised 
above  the  sea,  and  in  some  parts  studded  with  hills,  follow  the 
direction  of  the  isthmus  for  280  miles,  and  end  at  the  Bay  of  Parida. 
From  thence  proceeds  the  forest-covered  Cordillera  of  Veragua, 
supposed  to  be  9000  feet  high,  but  united  with  the  Cordillera  of 
Salamanca,  on  the  western  side  of  which  is  the  gold-mine  of  Tisin- 
gal,  celebrated  by  the  early  historians  of  the  Conquest ;  the  latter 
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Cordillera  extends  to  the  elevated  table-land  of  Costarica,  surrounded 
by  volcanoes,  and  terminates  at  the  plain  of  Nicaragua,  which, 
together  with  its  lake,  occupies  an  area  of  30,000  s({uare  miles,  and 
forms  the  second  break  in  the  great  Andean  chain.  The  lake  is 
only  125i  feet  above  the  Pacific,  from  which  it  is  separated  by  a 
line  of  active  volcanoes.  The  river  of  San  Juan  flows  from  its 
south-eastern  end  into  the  Carribbean  Sea,  and  at  its  northern 
extremity  it  is  connected  with  the  smaller  lake  of  Managua  or  Leon 
by  the  river  Panaloya  or  Tipitai>a.  By  this  water-line  it  has  been 
projected  to  unite  the  two  seas,  the  distance  between  them  being 
only  20  miles.  The  high  laud  recommences,  after  an  interval  of 
170  miles,  with  the  Mosquito  country  and  Honduras,  which  mostly 
consist  of  table-lands  and  high  mountains,  some  of  which  are  active 
volcanoes.  From  a  recent  survey  it  appears  that  there  is  a  perfectly 
practicable  route  across  Honduras  through  the  valleys  of  the  rivers 
Humaya  and  Goascoran,  for  a  railway  only  220  miles  long,  which 
would  connect  Port  Cortez  un  the  Atlantic  with  Ft»nseca  on  the 
Pacific,  both  first-rate  harbours ;  a  combination  so  favourable  does 
not  exist  throughout  all  Central  America  for  an  inter-oceanic 
intercourse. 

§  2.  Guatemala  is  a  table-laud  intersected  by  deep  valleys,  which 
lies  between  the  plain  of  Coniayagua  and  the  Isthmus  of  Tehuan- 
tepec.  It  spreads  to  the  east  in  the  jieninsula  of  Yucatan,  which 
terminates  at  Cain;  Catoche,  and  encompasses  the  Bay  of  Honduras 
with  terraces  of  high  mountains.  The  table-land  of  Guatemala 
consists  of  undulating  verdant  i>lains  of  great  extent,  of  the  absolute 
height  of  5000  feet,  fragrant  with  flowers.  In  the  S.  the  cities  of 
Old  and  New  Guatemala  are  situate,  24  miles  apart.  '^I'he  portion 
of  the  plain  on  which  New  Guatemala  stands  is  bounded  on  one 
side  by  the  three  volcanoes  of  Pacaya,  del  Fuego,  and  del  Agua ; 
which,  rising  from  7000  to  15,000  feet  above  the  plain,  lie  20  miles 
from  the  new  city  on  the  S.W.,  and  form  a  scene  of  great  boldness 
and  beauty.  The  Volcano  del  Agua,  at  the  foot  of  which  Old 
Guatemala  stands,  is  a  perfect  cone,  verdant  to  its  summit,  occa- 
sionally pouring  forth  torrents  of  boiliug  water  and  stones ;  it  is 
the  highest  peak  in  Central  America,  rising  to  15,000  feet.  The 
old  city  has  been  twice  destroye<l  by  it,  and  is  now  nearly  deserted 
on  account  of  earthquakes.  The  Volcano  del  Fuego  generally  emits 
vapours  from  one  of  its  jjcaks  ;  and  the  Volcano  de  Pacaya  is  only 
occasionally  active.  The  wide  grassy  plains  are  cut  by  deep  valleys 
to  the  N.,  where  the  high  land  of  Guatemala  ends  in  parallel  ridges 
of  mountains  called  the  Cerro  Pelado,  which  run  from  E.  to  W. 
along  the  04th  western  meridian,  filling  half  the  Isthmus  of 
Tehuantepec,  and  unite  the  table-laud  of  Guatemala  with  that  of 
Mexico. 
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Though  th6re  are  large  savannahs  on  the  high  plains  of  Guate- 
mala, there  are  also  magnificent  primeval  forests,  as  the  name  of  the 
country  implies,  Guatemala  signifying,  in  the  native  languajje,  a 
place  covered  with  trees.  The  banks  of  the  river  Papian,  or  Usu- 
masinta,  a  tributary  of  which  rises  in  the  alpine  lake  of  Peten,  and 
flows  over  the  table-land  to  the  Gulf  of  Mexico,  are  beautiful 
beyond  description. 

§  3.  The  flat  region  bordering  the  coast  of  Central  America  is 
generally  narrow,  and  in  some  places  the  mountains  and  high  lands 
oome  close  to  the  water's  edge.  The  sugar-cane  is  indigenous,  and 
on  the  low  lands  on  the  eastern  coast  all  the  ordinary  productions  of 
the  West  Indian  islands  are  raised,  besides  several  that  are  peculiar 
to  the  country. 

As  the  climate  is  cool  on  the  high  lands,  the  vegetation  of  the 
temperate  zone  is  there  very  luxuriant.  On  the  low  lands,  as  in 
other  countries  where  heat  and  moisture  are  in  excess,  and  where 
nature  is  for  the  most  part  undisturbed,  vegetation  is  vigorous  to 
rankneas :  forests  of  gigantic  trees  seek  the  pure  air  above  an  im- 
penetrable undergrowth,  the  rivers  empty  themselves  into  the  sea 
amidst  dense  masses  of  jungle  with  mangroves  and  reeds  100  feet 
high,  whilst  delightful  savannahs  vary  the  scene,  and  wooded 
mountains  dip  into  the  water. 

Nearly  the  whole  coast  of  the  Pacific  is  skirted  by  an  alluvial 
plain,  of  inconsiderable  width,  and  generally  very  difl*erent  in  cha- 
racter from  that  on  the  Atlantic  side.  In  a  line  along  the  westeni 
side  of  the  table-land  there  is  a  continued  succession  of  volcanic 
mountains,  at  various  distances  from  the  shore,  and  at  various 
he^hts,  on  the  declivity  towards  the  Pacific.  It  seems  as  if  a 
great  crack  or  fissure  had  been  produced  in  the  earth's  surface,  along 
the  junction  of  the  mountains  and  the  shore,  through  which  the 
internal  fires  had  found  a  vent.  There  are  more  than  twenty  active 
volcanoes  between  the  10th  and  20th  parallels  of  N.  latitude ;  some 
higher  than  the  mountains  of  the  central  ridge,  and  several  subject 
to  violent  eruptions.  Altogether  there  are  38  in  Central  America, 
seventeen  of  which  are  in  Guatemala — a  greater  number  than  in 
any  other  country,  Java  excepted, 

§  4.  In  this  age  of  gigantic  enterprise  it  is  truly  astonishing  that 
there  should  be  any  hesitation  about  joining  two  oceans  by  a  short 
canal  of  only  40  miles  ;  as  if  modem  engineers,  aided  by  the  wealth 
of  two  of  the  richest  nations  in  the  world,  and  possessing  all  the 
enterprise  of  the  Anglo-Saxon  race,  could  not  overcome  every  diffi- 
culty. Instead  of  the  long  and  stormy  voyages  round  the  Cape  of 
Good  Hope  and  Cape  Horn,  a  ship-canal  joining  the  Atlantic  to  the 
Pacific  would  open  a  direct  line  of  communication  for  all  the  mari- 
time powers  of  Eiurope  and  the  United  States,  not  to  the  western 
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ooMt  of  the  American  continent  alone,  but  to  China,  Australia,  and 
eren  India,  by  which  the  hurricane  region  would  be  avoided  and 
the  passages  made  through  a  comparatively  safe  and  calm  sea. 

Six  different  lines  across  Central  America  have  been  proposed  as 
toited  for  the  purpose,  but  that  by  the  Isthmus  of  Daricn  seems  to 
possess  advantages  over  the  others,  confirming  the  opinion  given 
more  than  50  years  ago,  and  maintained  to  the  last  by  the  greatest 
of  modem  travellers  and  geographers,  Humboldt.  It  possesses  the 
principal  requisites  for  such  an  undertaking — a  short  distance  of 
only  40  miles  between  the  tidal  limits  of  rivers  flowing  into  the  two 
oceans,  even  allowing  one-third  for  the  possible  windings  of  a  canal, 
and  a  good  harbour  at  both  ends.  In  the  latter  point  it  is  superior 
to  the  Panama  line,  which  has  the  indisputable  advantage  of  the 
greatest  depression  in  the  mountains.  The  line  which  attracted  so 
much  attention  a  few  years  ago  between  the  river  Savana  and 
Caledonia  Bay  presents  an  obstacle  in  the  great  height  of  the 
mountain  ridges  near  the  Atlantic  side.  But  a  route  farther  8., 
explored  by  M.  de  Puydt  in  1865,  seems  to  be  clear  of  this  obstacle ; 
a  depression  in  the  range  having  been  found  near  the  head  waters 
of  the  river  Tanela,  N.  of  the  delta  of  the  Atrato  and  not  far  distant 
from  the  navigable  part  of  the  river  Tuyra,  which  disembogues  in 
the  Gulf  of  San  Miguel,  where  there  are  high  tides,  and  where  docks 
of  any  magnitude  could  be  formed. 

This  line  passes  near  the  very  country  of  romance.  It  was  from 
Caledonia  harbour  that  Nufiez  de  Balboa  crossed  to  the  South  Sea, 
and  that  the  earliest  expedition  was  sent  by  the  S])aniards  to  Peru. 
Here  were  the  gold-mines  of  Tisingal,  which  gave  the  name  of  Costa 
Rica  to  the  shores  of  the  Pacific,  the  true  El  Dorado,  to  which  Sir 
Walter  Raleigh  and  Sir  Francis  Drake  were  sent.  The  harbour 
still  bears  the  name  of  the  unfortunate  colony  from  Scotland ;  and 
the  country  in  which  it  is  situated,  known  as  the  "  Spanish  Main,** 
was  celebrated  for  the  lawless  but  romantic  adventures  of  the  Buc- 
caneers. The  coast  of  the  Pacific  here  is  rich  to  exuberance ;  two 
crops  may  be  raised  in  the  year ;  forests  of  the  coco-nut  palm  ex- 
tend for  miles ;  it  produces  the  cacao- bean,  vanilla.  India-rubber, 
Palo  de  Vaca,  the  Tonquin-lxuin,  Chiraqui  incense,  numerous  dye- 
woods,  balsams,  medicinal  plants,  and  all  the  usual  productions  of  a 
tropical  climate.  But  the  vegetation  is  so  rank,  the  high  trees  so 
interlaced  with  creepers,  that  the  light  is  shut  out ;  the  heat  is  so 
intense,  and  rain  so  frequent,  that  the  climate  is  exceedingly  un- 
healthy ;  and  although  it  would  be  of  no  consequence  to  a  steamer 
pas.sing  rapidly  through  40  miles,  yet  it  would  be  a  serious  difliculty 
during  the  construction,  which  might,  however,  be  overcome  by 
employing  the  free  labour  of  negroes,  who  are  accustomed  to  hot 
and  damp  climates.    In  the  mean  time  the  Panamii  railway  con- 
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veys  goods  and  passengers  to  and  from  the  golden  lands  of  California 
and  British  Columbia.' 

§  5.  The  West  Indian  Islands,  which  are  separated  from  both 
continents  by  a  deep  sea,  consist  of  three  distinct  f^oups,  namely, 
the  Lesser  Antilles  or  Caribbean  Islands,  the  Greater  Antilles,  and 
the  Bahama  or  Lucay  Islands.  Some  of  the  Lesser  Antilles  are 
flat,  but  their  general  character  is  bold,  with  an  insulated  peak  or  a 
group  of  mountains  in  the  centre,  which  slopes  to  the  sea  all  round, 
more  precipitously  on  the  eastern  side,  which  is  exposed  to  the  force 
of  the  Atlantic  current.  Trinidad  is  the  most  southerly  of  a  chain  of 
magnificent  islands,  which,  forming  a  semi-circle,  enclose  the  Carib- 
bean Sea,  with  its  convexity  facing  the  E. .  The  range  is  single  as  far 
as  Guadaloupe,  where  it  splits  into  two.  Trinidad,  Tobago,  St.  Lucia, 
and  Dominica  are  particularly  mountainous,  and  their  mountains  are 
cut  into  deep  narrow  ravines,  or  guUeys,  covered  by  primeval  forests. 
The  volcanic  islands,  which  are  mostly  in  the  undivided  part  of  the 
chain,  have  conical  peaks  bristled  with  rocks  of  a  still  more  nigged 
form  ;  but  almost  all  the  islands  of  the  Lesser  Antilles  have  a  large 
portion  of  excellent  vegetable  soil  in  a  high  state  of  cultivation. 
Most  of  them  are  surrounded  by  coral  reefs,  which  render  navigation 
dangerous,  and  there  is  little  intercourse  between  these  islands,  and 
still  less  with  the  Greater  Antilles,  on  account  of  the  prevailing 
winds  and  currents,  which  make  the  return  voyage,  except  by 
steam,  difficult.  The  Lesser  Antilles  terminate  in  the  group  of  the 
Virgin  Islands,  which  are  small  and  flat,  some  only  a  few  feet  above 
the  sea,  and  most  of  them  consisting  of  mere  rocks  of  coral. 

ITie  four  islands  which  form  the  group  of  the  Greater  Antilles 
are  the  largest  and  most  important  in  the  archipelago.  Porto  Hico, 
Haiti  or  San  Domingo,  and  Jamaica,  separated  from  the  Virgin 
Islands  by  a  narrow  channel,  lie  in  a  line  parallel  to  the  coast-chain 
of  Venezuela,  from  E.  to  W. ;  while  Cuba,  by  a  serpentine  bend, 
separates  the  Caribbean  Sea,  or  Sea  of  the  Antilles,  from  the  Gulf 
of  Mexico.  Porto  Rico  is  110  miles  long  and  40  broad,  with  wocxied 
mountains  passing  through  its  centre,  nearly  from  E.  to  \V.,  which 
furnish  abundance  of  water.  ITiere  are  extensive  savannahs  in  the 
interior,  and  very  rich  soil  on  the  northern  coast,  but  the  climate 
near  the  sea  is  unhealthy. 

Haiti  or  San  Domingo,  400  mil^s  long  and  60  to  IGO  broad,  has 
a  chain  of  mountains  in  its  centre,  extending  from  E,  to  W.  like  all 
the  mountains  in  the  Greater  Antilles,  the  highest  point  of  which 
is  9000  feet  above  the  sea.  A  branch  diverges  from  the  main  stem 
to  Cape  Tiburon,  so  that  Haiti  contains  a  great  proportion  of  high 
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Umd.  The  mountains  are  susceptible  of  cultivation  nearly  to  the 
summit,  and  are  clothed  with  undisturbed  tropical  forests.  The 
estenaive  plains  are  well  watered,  and  the  soil,  though  not  deep,  is 
prodactive. 

Jamaica,  the  most  valuable  of  the  British  possessions  in  the  West 
Indies,  has  an  area  of  4256  square  miles,  of  which  110,000  acres  are 
cultivated,  chiefly  as  sugar-plantations.  1  he  principal  chain  of  the 
Blue  Mountains  lies  in  the  centre  of  the  island,  from  E.  to  W.,  with 
so  sharp  a  crest  that  in  some  places  it  is  only  4  yards  across.  Oflf- 
sets  from  it  cover  all  the  eastern  part  of  the  island.  The  more 
elevated  ridges  are  flanked  by  lower  ranges,  descending  to  verdant 
savannahs.  The  escarpments  arc  wild,  the  declivities  steep,  and 
mingled  with  stately  forests.  The  valleys  are  very  narrow,  and  not 
more  than  a  twentieth  part  of  the  island  is  level  ground.  Uliere 
are  many  small  rivers,  and  the  coast-line  is  500  miles  long,  with  at 
least  30  good  harbours.  I'he  mean  summer-heat  is  80°  of  Fahren- 
heit, and  that  of  winter  is  75°.  The  i^laiiis  are  often  unhealthy, 
but  the  air  in  the  mountains  is  salubrious  ;  fever  has  never  prevailed 
at  the  elevation  of  2500  feet. 

Cuba,  the  largest  island  in  the  Colombian  Archij^lago,  has  an 
area  of  3G15  square  leagues  and  200  miles  of  coast,  but  so  beset 
with  coral  reefs,  sandbanks,  and  rocks,  that  only  a  third  of  it  is 
accessible.  Its  mountains,  which  attain  the  height  of  8000  feet, 
occupy  the  centre,  and  fill  the  eastern  part  of  the  island,  in  a  great 
longitudinal  line.  No  island  in  these  seas  is  mure  inqwrtant  with 
regard  to  situation  and  natural  productions ;  and  although  much  of 
the  low  ground  is  swampy  and  unhealthy,  there  are  vast  savannahs, 
and  about  a  seventh  part  of  the  island  is  cultivated. 

The  Bahama  Islands  are  the  least  valuable  and  least  interesting 
part  of  the  archiindago.  The  group  consists  of  about  500  islands, 
many  of  them  mere  rocks,  lying  E.  of  Cuba  and  the  coast  of  Florida. 
Twelve  are  larger,  and  cultivated  ;  proilucing  log-woo<l  and  mahogany. 
The  most  intricate  labyrinth  of  shoals  and  reefs,  chiefly  of  corals, 
inadrejK)rcs,  and  sand,  encircle  these  islands  ;  some  of  them  rise  to 
the  surface,  and  arc  adorned  with  groves  of  jMilrn-trees.  Watling*s 
Island,  in  latitude  24°  X.,  is  the  first  part  of  the  New  World  on 
which  Columbus  landed  —  the  next  was  Haiti,  where  his  ashes 
rest. 

§  6.  The  g^)logy  of  Central  America  is  little  known ;  nevertheless 
it  appears,  from  the  confused  mixture  of  table-lauds  and  mountain- 
chains  in  all  directions,  that  the  subterraneous  forces  nmst  have 
acted  more  partially  and  irregularly  than  either  in  South  or  North 
America.  In  the  West  Indian  Archi])elaQ;o  volcanic  action  is  con- 
fined to  the  smaller  islands,  which,  fonning  a  line  in  a  meridional 
direction,  extend  from  12°  to  18°  N.,  and  may  be  designated  as  the 
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Caribbean  range ;  it  begins  with  Grenada  and  ends  wit)i  St.  Eusta- 
tius.  St.  Vincent,  St.  Lucia,  Martinique,  a  great  portion  of  (iuada- 
loupe,  Montserrat,  Nevis,  and  St.  Kitts  are  volcanic ;  most  of  them 
possess  craters  recently  extinct,  wliich  have  vomited  ashes  and  lava 
within  historical  periods ;  whilst  the  less  clcvate<l  of  the  Bmaller 
Islands,  Tobago,  Barbadoes,  Deseada,  Antigua,  Barbuda,  and  St. 
Bartholomew's,  with  the  Virgin  Islands  and  Bahamas,  are  composed 
either  of  calcareous  or  coral  rocks. 
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CHAPTER  XII. 


NORTH  AMERICA. 


§  1.  Gttieral  configrmtion  of  the  continent ;  table-land  and  mountains  of 
Mexico ;  ancient  capital  of  Mexico ;  the  Barancas.  §  2.  The  Rockj 
Mountains.  §  3.  The  Great  Western  Desert  plateau.  §  4.  The  moan- 
tain  sjstem  of  the  Pacific ;  California ;  Vancouver  Island. 

§  1.  The  continent  of  North  America,  includino;  Greenland,  has  an 
area  of  more  than  eight  millions  of  square  miles.  It  comprises  a 
large  central  plain,  a  broad  elevated  plateau,  tlirec  great  mountain 
systems,  and  two  long  oceanic  slopes.  The  great  plain  extends  X. 
and  S.,  from  the  Gulf  of  Mexico  to  the  Arctic  Ocean.  It  is  bounded 
on  the  £.  by  the  Appalachian  or  Alleghany  Mountains,  and  on  the 
W.  by  the  table-lands  from  which  rise  the  peaks  of  the  Rocky 
Mountains.  "This  broad  and  elevated  belt  of  table-lands  and 
parallel  chains  is  one  of  the  largest  mountain-systems  of  the  globe, 
much  exceeding  in  its  solid  bulk  above  the  level  of  the  sea  even  the 
mighty  chain  of  the  South  American  Andes,  being  twice  as  broad 
and  nearly  as  long." ' 

Commencing  flrom  the  S.,  the  table-land  of  Anahuac  or  Mexico, 
which,  though  not  the  highest,  is  by  far  the  most  extensive  plateau 
on  the  face  of  the  earth,  extends  for  1600  miles  from  its  southern 
extremity  at  the  isthmus  of  Tehuan tepee  to  the  S.W.  of  New 
Mexico,  a  distance  equal  to  that  from  the  N.  of  Scotland  to  Gibraltar. 
From  thence  it  is  continued  in  a  series  of  table-lands  and  isolated 
ranges,  not  absolutely  continuous  with  the  Rocky  Mountains,  for 
these  terminate,  according  to  Dr.  Bell,  a  little  to  the  N.K.  of  the 
northern  end  of  the  Mexican  table-land,  but  midway  between  them 
and  the  coast  ranges,  which  extend  from  California  to  the  most 
northern  extremity  of  the  continent.  At  its  southern  extremity, 
where  the  Mexican  table-land  is  narrow,  mountains  rise  from  the 
isthmus  and  abut  upon  it;  on  the  E.  the  plateau  descends  so 
abruptly  from  a  height  of  3000  feet  that,  seen  from  the  shoi^Cb  of 
the  Mexican  Gulf,  it  looks  like  a  chain  of  mountains,  while  ou  the 
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W.  it  descends  gently  to  the  coast  of  the  Pacific  by  a  series  of  four 
longitudinal  valleys.  On  the  surface  of  the  plateau  groups  and 
ridges  of  mountains  rise ;  but  when  not  traversed  by  these  elevations 
the  table-land  is  as  level  as  the  ocean,  so  that  a  carriage-road  of 
more  than  a  thousand  miles  from  the  city  of  Mexico  northward  is 
either  over  a  dead  level  or  gentle  undulations. 

The  capital  of  Mexico,  once  the  royal  residence  of  Montezuma, 
must  have  greatly  surpassed  the  modem  city  in  extent  and  mag- 
nificence, as  many  of  its  remains  show.  It  is  74H2  feet  al>ove  the 
level  of  the  ocean,  and  surrounded  by  four  plains,  of  which  Te- 
nochtitlan  is  the  most  remarkable,  being  of  elliptical  form,  55  miles 
long,  and  35  wide,  enclosed  by  ridges  of  basalt  and  porphyritic  rocks 
running  from  S.S.E.  to  N.N.W.  On  the  south-eastern  side,  which 
is  the  highest,  stands  the  snow-shrouded  cone  of  Orizaba  with  its 
ever-fiery  crater,  seen  like  a  star  in  the  darkness  of  the  night, 
which  has  obtained  for  it  the  name  of  Citlaltepetl — **  the  Mountain 
of  the  Star."  Popocatepetl,  the  loftiest  mountain  in  Mexico,  17,720 
feet  above  the  ocean,  lies  farther  W.,  and  is  in  a  constant  state  of 
eruption,  which,  with  the  volcanoes  of  Iztacihuatl  and  Toluca,  having 
an  absolute  altitude  of  15,705  and  13,416  feet  respectively,  form  a 
magnificent  volcanic  circuit,  in  the  midst  of  which  Mexico  and  its 
lake  are  situated.  The  volcanic  cone  of  Tuxtla  rises  in  a  group  of 
wooded  hills  near  the  shores  of  the  Gulf  of  Mexico,  and  on  the 
plains  of  the  Malpays,  on  the  western  slope  of  the  table-land  about 
100  miles  from  the  Pacific,  is  the  volcanic  cone  of  Jorullo,  which 
rose  suddenly,  in  the  night  of  the  29th  of  September,  1756,  to  the 
height  of  1700  feet  above  the  level  of  the  plain,  amidst  hundreds  of 
little  flaming  cones  which  covered  the  country  from  three  to  four 
square  miles.  The  great  volcano  of  Colima  stands  insulated  on  the 
plain  of  that  name,  also  between  the  western  declivity  of  the  table- 
land and  the  Pacific. 

Deep  cavities  called  Barancas  are  a  characteristic  feature  of  the 
table-land  of  Mexico :  they  are  large  rents  two  or  three  miles  broad 
and  many  more  in  length,  often  1000  feet  deep,  with  a  brook  flowing 
through  them.  Their  sides  are  precipitous  and  nigged,  with  over- 
hanging rocks  covered  with  trees.  Vegetation  varies  with  the  eleva- 
tion, consequently  the  exuberance  which  adorns  the  coasts  of  the 
gulf  vanishes  on  the  high  plain,  which,  although  producing  much 
grain  and  pasture,  is  often  saline,  sterile,  and  treeless,  except  in 
some  places  where  oak-trees  grow  to  an  enormous  size. 

The  Mexican  table-land  maintains  a  very  great  absolute  altitude 
to  the  N.,  where  the  plateau  of  Sonora  forms  its  continuation, 
and  overhangs  the  Gulf  of  California  from  the  25th  to  the  32nd 
parallel  of  N.  latitude.  Near  Guanaxuato  the  breadth  is  about  100 
miles.     The  western  chain  is  the  Sierra  Madre,  which  contains  the 
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richest  silyer  mines  in  the  world ;  it  goes  through  Zacatccas  and 
W.  of  Chihuahua,  then  it  runs  duo  N.  under  the  names  of  Sierra  de 
Acha  and  Sierra  Verde.  The  eastern  chain  is  tliat  of  Cohahuela 
and  Potosi,  which  lifts  itself  out  of  the  western  ed%e  of  the  great 
central  plain  like  a  huge  colossal  wall  deeply  indented  and  gashed 
in  its  steep  flank,  with  vast  mountain  buttresses  jutting  forward 
into  the  plateau  of  the  American  desert. 

§  2.  In  the  southern  jtart  of  Colorado,  the  Kooky  Mountain 
plateau  retains  the  name  of  the  Sierra  Madre  ;  and  here  it  has  an 
average  elevation  of  12,000  feet  and  a  breadth  of  300  miles.  Elevated 
valleys  of  great  size  and  beauty,  in  which  the  rivers  tlowiny;  E.  and 
W.  take  their  rise,  occur  on  both  slojxjs  of  the  Sierra  Madre.  In 
Colorado  Territory  four  of  these  jiarks  exist — the  North,  Middle, 
South,  and  San  Luis  Parks— each  al)out  1)400  square  miles  in 
extent,  elliptical  in  form,  and  surrounded  by  mountains  which  reach 
the  limit  of  peri)etual  snow.  The  elevation  of  these  ])arks  is  from 
6000  to  6400  feet.  Tliey  are  8e[)arated  from  eacli  other  by  vast 
sweeps  of  the  Cordillera  from  E.  to  \V.  The  mountain-sideij  are 
clothed  with  pine,  spruce,  fir,  and  asi>en,  and  line  grassy  meadows 
abound  in  the  lower  grounds. 

The  fertile  plain  of  Santa  F4  and  Rio  Grande  del  Norte,  50  miles 
broad  at  its  northern  extremity,  is  situated  in  a  depression  of  the 
Rocky  Mountain  plateaus.  There  is  a  break  in  the  mountain- 
chains  at  the  northern  end  of  the  Sierra  Verde  for  8  miles,  so  that 
the  plain  of  the  table-land,  itself  9000  feet  al)ove  the  level  of  the 
sea,  becomes  the  watersliHl  uf  the  Colorado  of  California  on  one 
hand,  and  of  the  rivers  which  run  into  the  Gulf  of  Mexico  on  the 
other.  Thnmgh  the  i>asses  of  this  region  the  railway  which  unites 
the  two  oceans  has  been  carrie<l.  The  jxiss  of  Kutunie  is  in  48|°  N. 
lat.,  so  it  lies  within  the  Pritish  territory,  but  a  railway  could  only 
be  made  to  jkujs  through  it  by  tunnels  many  miles  long,  whereas 
the  Vermilion  pass,  which  is  a  deep  gorge  N.  of  the  lofty  group 
of  mountains  that  rise  1(),000  feet,  is  only  5000  feet  above  the 
level  of  the  sea,  which  is  1000  feet  less  than  any  known  iwss  over 
the  liocky  Mountains,  and  is  4000  feet  lower  than  the  water-shed 
of  the  Coloratlo  and  tlie  Mexican  Gulf  mentioned  above. 

North  of  this  break  tlie  llocky  Mountains  seixinit^  into  three 
chains,  and  become  very  complicated,  lietween  the  river  Arkansas 
and  the  N.  fork  of  the  Platte  there  are  i>eaks  which  rise  to  10,000 
and  12,000  feet,  "  but  the  Wind  River  Mountains  are  the  highest 
of  that  chain,  where  Fremont's  Peak  hsis  an  elevation  of  13,570 
feet.  This  great  range  is  the  axis  or  centnil  watershed  of  the  whole 
continent;  the  head-streams  of  the  Missouri  tlow  from  its  ejistem 
flank,  and  those  of  tlie  Colombia  and  Rio  Colony lo,  which  go  to  the 
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Pacific,  from  its  western.**  More  to  the  N.,  in  the  eastern  or  prin- 
cipal chain,  and  near  the  sources  of  the  Saskatchewan,  are  Mount 
Hooker,  Mount  Brown,  and  Mount  Murchison,  which  rise  to  15,700, 
16,000,  and  15,789  feet  respectively.  The  mountains  now  decrease 
in  height ;  N.  of  the  58th  parallel  they  are  only  4000  feet  above 
the  sea,  and  about  3000  in  62°  N.  lat. 

S  3.  The  table-land  of  Anahuac  is  continued  to  the  N.  by  the 
plateau  of  Sonora,  in  which  are  many  fertile  valleys.  To  it  suc- 
ceeds the  Great  Western  Desert  plateau,  a  wide  elevated  desert 
belt  stretching  from  the  Gulf  of  California  to  the  Arctic  Ocean, 
having  a  mean  elevation  of  5000  feet  above  the  level  of  the  sea, 
and  spreading  over  13°  of  longitude  between  the  parallels  of  35° 
and  45°.  It  consists  of  three  great  regions  or  basins.  The  most 
southerly  is  the  basin  of  the  Colorado  at  the  head  of  the  Gulf  of 
California,  a  region  of  mountain-ridges  and  table-lands  which  slope 
gently  to  the  west  and  to  the  Gulf;  this  ba.sin  has  an  area  of 
200,000  square  miles,  or  nearly  as  large  as  France.  Except  the 
alluvial  flats  along  the  lower  course  of  the  Colorado,  the  country 
consists  of  a  succession  of  arid  and  barren  terraced  plateaus,  through 
which  the  main  river  and  its  tributaries  have  scooped  narrow  ravines 
or  canons  of  prodigious  depth,  llie  grand  canon  of  the  Colorado  is 
600  miles  in  length  and  from  2000  to  5000  feet  in  deptli.  Thus 
the  streams  of  the  region,  instead  of  flowing  near  the  surface  and 
irrigating  the  country,  are  lost  in  the  bowels  of  the  earth,  leaving 
the  uplands  to  everlasting  sterility.  The  second  great  natural 
division  is  the  central  basin  or  Great  Salt  Desert  of  Utah,  having 
an  area  of  280,000  square  miles.  This  is  an  enclosed  continental 
river-basin,  consisting  of  vast  elevated  desert  stepj^s  from  4000  to 
5000  feet  above  the  sea,  many  of  these  arid  plains  being  covered 
with  incrustations  of  salt,  and  divided  by  mountain-ridges  trend- 
ing N.  and  S.  It  is  a  dry,  rainless  region,  because  the  prevailing 
winds  come  from  the  Atlantic  on  one  side,  and  the  Pacific  on  the 
other;  the  former  are  deprived  of  their  moisture  while  blowing  over 
the  continent  and  Rocky  Mountains,  while  the  vapour  brouglit 
from  the  Pacific  by  the  west  winds  is  precipitated  on  the  toj>s  of 
the  lofty  coast-chains,  so  that  both  arrive  as  dry  winds  at  the 
desert,  which  is  consequently  doomed  to  perj)etual  barrenness,  at 
least  till  some  great  geological  change  takes  place.  The  desert  has 
therefore  few  streams,  the  Humboldt  is  the  greatest  yet  known; 
but  it  has  innumerable  lakes,  which,  having  no  outlet,  are  naturally 
ftalt,  because  whatever  streams  fall  into  them  continually  bring 
salt  from  the  soil  around,  and,  as  in  that  latitude  the  evaj^oration 
is  very  great,  the  water  goes  oflf  and  the  salt  remains,  and  has  in- 
creased so  much  in  some  of  the  lakes,  as  for  example  the  Great 
Salt  Lake,  that  it  is  charged  with  common  salt  almost  to  satura- 
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tion.  That  lake,  the  Utah  and  Nicollet  lakes,  are  best  known; 
but  there  is  a  long  line  of  them,  probably  less  salt,  at  the  eastern 
icx>t  of  the  Sierra  Nevada. 

In  the  third  natural  division  the  Desert  plateau  becomes  much 
ooQtracted  in  width  towards  the  50th  parallel  of  N.  latitude,  and 
extends  along  the  western  side  of  the  Rocky  Moimtains  northward 
through  half  the  continent,  sloping  gently  to  the  W.  and  to  the 
Arctic  Ocean.  It  contains  the  basins  of  Frazer  and  Simpson  Rivers, 
and  the  affluents  of  the  Oregon  or  Colombia.  "  All  these  rivers 
flow  to  the  Pacific  through  the  Cascade  Range.  Still  farther  to 
the  N.W.,  beyond  the  sources  of  the  M'Kenzie  River,  the  long  belt 
is  longitudinally  drained  by  the  Yukon,  which  reaches  the  sea  in 
Norton  Sound  of  Behring  Strait."  "  The  whole  of  this  long  belt 
of  country  has  an  undulating  surface  of  fertile  valleys  and  table- 
lands, but  in  the  basin  of  the  Ch-egon  high  rugged  volcanic  plains 
are  found.  It  has  a  mild  climate,  many  lakes,  and  feeds  some  of 
the  greatest  rivers." 

§  4.  The  mountain-system  of  the  Pacific,  which  bounds  the  great 
desert-zone  on  the  W.,  maintains  a  general  imrallelism  to  the 
eastern  or  proper  chain  of  the  Rocky  Mountains,  and  ranges  from 
the  peninsula  of  California  through  the  whole  distance  to  Alaska 
Territory.  It  is  a  wide,  complex,  and  very  elevated  chain  of  moun- 
tains, its  main  central  crests  and  loftiest  peaks  surpassing  those 
of  the  Rocky  Mountains  in  altitude.  In  lower  or  jwninsular 
California,  where  it  bears  the  name  of  Sierra  de  Lucia,  it  is  a  single 
ridge  ;  but  in  lat.  35°  it  divides  into  two  branches  trending  north- 
wards, namely  the  Coast-Mountains  of  California  and  Oregon,  and 
the  Sierra  Nevaila ;  between  these  lies  the  gold-])roducing  valley 
of  California.  ITie  Coast-Mountains  run  close  to  the  Pacific,  W.  of 
the  valleys  of  Sacramento  and  Wahlahmath,  and  extend  in  a  broken 
chain  to  Vancouver  Island;  while  the  Sierra  Nevada,  the  great 
watershed  which  insulates  the  enclosed  and  elevated  plateau  of  Utah 
from  the  golden  basin  of  California,  passing  the  42nd  jximllel,  is  con- 
tinued in  a  N.N. -eastern  direction  by  the  Cascade  Mountains,  the 
loftiest  part  of  the  whole  range,  on  which  are  situated  Mount  Pitt 
and  Mount  Jefferson  in  Oregon,  and  Mount  lUker  on  the  bonlers  of 
British  Columbia.  It  takes  its  name  from  the  number  of  raj)ids  and 
waterfalls  that  traverse  it  where  it  crosses  the  Frazer  and  Oregon 
Rivers.  Passing  these,  it  goes  N.W.  to  Alaska  Territory,  where  it 
curves  round  and  extends  W.  till  it  ends  in  the  volcanic  peninsula 
of  Aliaska.  It  contains  three  i)caks  which  are  14,500  feet  alx)ve 
the  sea,  and  even  more ;  those  of  St.  Helen's  and  Mount  Regnicr  are 
active  though  rather  torpid  volcanoes,  while  Mount  Baker,  Mount 
Fair^-eather,  14,708  feet,  and  Mount  St.  Elias,  14,970,  the  highest 
points  of  the  chain,  are  all  supposed  to  be  occasionally  in  eruption. 
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The  Pacific  slope  is  a  long  but  comparatively  slender  belt  be- 
tween the  Great  Pacific  chain  and  the  ocean.  In  the  ]x?ninsiila  of 
California  it  is  a  narrow  tract  sloping  rather  steeply  to  the  sea  ;  but 
N.  of  the  34th  parallel  its  average  breadth  is  100  miles,  and  it  in- 
cludes the  whole  continental  slope  from  the  Sierra  Nevada  to  the 
ocean.  It  consequently  comprises  the  golden  valley  of  Califoniia 
and  the  Coast-Mountains,  of  which  there  are  three  ridges  as  l{\r  as 
42°  N.  lat.  N.  to  the  60th  degree  the  average  width  is  the  same, 
but  increases  in  breadth  from  Vancouver  Island  northwards,  and 
separates  again  into  three  mountain-belts,  of  which  the  Wahlah- 
math  is  the  most  easterly.  The  slope  is  much  penetrated  by  great 
spurs  from  the  Cascade  range  and  the  Pacific  Alps  on  the  E.,  and 
on  the  W.  by  estuaries  and  straits.  In  fact,  the  archif)elagoes  and 
islands  along  the  coast  have  the  same  bold  character  as  the  main- 
land, and  may  be  regarded  as  the  tops  of  a  submarine  chain  of 
table-lands  and  mountains  which  constitute  the  most  westerly  ridge 
of  the  maritime  chains.  The  mountains  on  the  coast  of  the  Pacific 
and  the  islands  are  in  many  places  covered  with  colossal  forests, 
and  many  of  our  beautiful  shrubs  and  plants  have  been  brought 
from  thence,  but  wide  tracts  in  the  S.  are  sandy  deserts. 

Vancouver  Island  has  recently  risen  into  much  importance  on 
account  of  its  excellent  harbours  and  its  deposits  of  coal.  Esquimalt 
Harbour,  in  the  S.E.  of  the  island,  is  the  best  harbour  on  the  N.W. 
shores  of  North  America.  The  coal,  which  is  chiefly  worked  at 
Nanaimo,  is  found  in  seams  varying  from  2i  to  5  feet  in  thickness. 
It  is  very  valuable  and  largely  exported.  The  sea-board  scenery  of 
Vancouver  Island  is  abrupt,  with  numerous  fiord-like  harbours, 
especially  on  the  western  coasts,  where  Albemi,  Nootka,  Quatsino 
and  other  Sounds  extend  far  inland.  The  interior  is  elevated. 
Mount  Arrowsmith  reaches  a  height  of  5970  feet,  the  Albert  Edward 
range  has  an  elevation  of  6700,  and  the  Crown  Mountain  of  6000 
feet.  Through  its  whole  length  the  island  is  occupied  by  a  back- 
bone of  trap,  which  shows  strongly  marked  features  of  glacial  action. 
The  country  is  covered  with  dense  forests  of  pine,  oak,  willow, 
alder,  cedar,  and  maple.  Tracts  of  grass-land  are  occasionally  met 
with,  and  lovely  lakes  and  tarns  abound. 
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CHAPTER  XIIL 

KOBTH  AJfEBiCA — Continued. 

§  1.  The  great  central  plains,  or  Tall«y  of  the  Mississippi ;  cultivation  oi 
the  district.  §2.  British  North  America;  product iveness  of  Canada; 
singular  appearance  of  the  forests  during  winter.  §  3.  Hudson  Bay 
territory;  Capt.  Palliser's  exploration  of  the  Saskatchewan.  §4.  The 
Rocky  Mountains.  §  5.  The  Alleghanics ;  picturesque  scenery  of  the 
Appalachian  Mountains.  §  6.  Gradual  decrease  of  vcgetition  towards 
the  Arctic  region ;  islands  of  the  north-east  coast ;  Newfoundland.  §  7. 
The  Atlantic  plain ;  cultivation  east  of  the  AUeghanie^t ;  the  United 
States  territory.  §  8.  Geological  notice.  §  9.  Fossil  mammalia.  §  10. 
Mean  height  of  continents. 

§  1.  The  great  central  plain  of  Xortli  America,  lying  between  the 
Kocky  and  Alleghany  Mountains,  and  reaching  from  the  Gulf  of 
Mexico  to  the  Arctic  Ocean,  has  an  area  of  3,245,000  square  miles, 
which  is  245,000  square  miles  more  than  the  central  plain  of  South 
America,  and  about  half  the  size  of  the  great  ]>iain  of  the  old  con- 
tinent, which  is  less  fertile;  for  although  the  whole  of  America  is 
not  more  than  half  the  size  of  the  old  continent,  it  contains  at 
least  as  much  productive  soil,  'i'he  lUain,  3000  miles  long,  l)ecomei} 
i^er  towards  the  N.,  and  has  a  low  table-land  which  crosses  it  from 
I^brador,  and  along  the  sources  of  the  Missouri  to  the  northern 
verge  of  the  Utah  Desert.  "  Stretching  at  right  angles  to  this,  the 
broad  Hocky  Mountain  zone,  which  fonus  the  watershed  of  the 
continent,  may  be  regarded  as  the  crest  of  a  vast  undulation  of 
the  surface  descending  from  an  elevation  of  from  4000  to  (JOOO  feet 
to  the  level  of  the  sea,  with  only  two  intervening  swells,  those  on 
which  the  Cordilleras  of  the  Pacitic  and  Alleghanics  stand." 

Along  the  whole  eastern  side  of  the  Kocky  Mountains  a  liigh 
plateau  extends  from  the  base  of  the  Cohahuela  chain  to  the  far  N., 
including  the  table-lands  N.  of  the  Great  Slave  Lake,  and  E.  of  the 
M*Kenzie  river.  At  its  southern  extremity  it  Ls  from  4000  to  6000 
feet  above  the  level  of  the  sea;  but  rises  to  GOOO  between  the 
parallels  of  38°  and  48^,  and  maintains  a  considerable  elevation 
beyond.  "From  this  height  the  land  descends  in  slopes,  but 
chiefly  in  bold  terraces,  to  the  lower  level  of  the  great  plain,  a 
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structure  peculiarly  marked  between  the  river  Pecos  and  the  Black 
Hills  of  Missouri,  where  the  plateau  descends  in  two  very  bold 
terraces ;  the  upper  one,  which  is  from  200  to  300  miles  broad,  has 
an  absolute  altitude  of  5000  feet  at  the  base  of  the  mountains,  and 
at  its  eastern  edge  it  is  1000  feet  above  the  second  steppe.  It  is  a 
thirsty  desert,  without  tree  or  shrub,  except  along  the  margins  of  the 
scanty  streams,  and  at  certain  seasons  is  nearly  without  vegetation. 
N.  of  the  Missouri  it  is  more  grassy,  and  in  the  British  territories  it 
has  many  streams  and  lakes.  The  Rio  Grande  and  the  M^Kenzie 
flow  along  this  plateau,  the  one  towards  the  S.,  and  the  other  towards 
the  N.,  while  the  tributaries  of  the  Missouri  and  Mississippi,  and 
those  of  the  Saskatchewan  and  Churchill,  flow  across  it.  The  lower 
terrace  is  altogether  similar  to  the  upper  to  the  S. ;  but  towards  its 
middle  and  northern  end  it  has  more  vegetation,  and  on  the  streams 
thicker  belts  of  trees.  All  the  rivers  from  the  Arkansas  to  the 
Pecos,  inclusive,  descending  from  the  upper  steppe  or  terrace,  pass 
out  from  between  conflning  precipices  often  several  hundred  feet 
high,  through  narrow  sluices  of  enormous  depth.  Along  the  eastern 
border  of  this  lower  treeless  steppe  there  extends  for  more  than  400 
miles  a  remarkable  belt  of  woodland  from  5  to  25  miles  wide,  called 
the  *  Cross  Timbers.'  It  separates  the  fertile  and  well-watered 
plains  of  Texas,  abounding  in  verdant  prairies  and  clumps  of  trees, 
from  the  barren  naked  steppes  lying  between  the  Missouri  and  the 
Rocky  Mountains,  which  are  known  as  the  Great  Western  American 
Desert,**  and  which  extend  for  2°  into  the  British  territories. 

Most  of  the  cultivation  on  the  right  side  of  the  Mississippi  is  along 
the  Gulf  of  Mexico  and  in  the  adjacent  provinces,  and  is  entirely 
tropical,  consisting  of  sugar-cane,  cotton,  and  indigo.  At  the  mouth 
of  the  Mississippi  there  are  marshes  which  cover  35,000  square  miles 
bearing  a  rank  vegetation,  and  its  delta  is  a  labyrinth  of  streams  and 
lakes,  Nvith  dense  brushwood,  the  very  home  of  the  crocodile.  Salt 
rocks  and  saline  grounds  occur  occasionally  in  the  prairies,  as  the 
Grand  Saline  between  the  rivers  Arkansas  and  Neseikelougo,  which 
is  often  covered  2  or  3  inches  deep  with  salt,  like  a  fall  of  snow ; 
the  wild  cattle  come  in  multitudes  to  these  places  to  lick  the  salt, 
of  which  they  are  very  fond.  Prairies,  so  characteristic  of  the  North 
American  continent,  lie  on  both  sides  of  the  Lower  Mississippi ;  but 
they  chiefly  prevail  to  the  W.  of  it.  These  savannahs  are  sometimes 
rolling,  but  oftener  level  and  interminable  as  the  ocean,  covered 
with  long  rank  grass  of  tender  green,  blended  with  flowers  chiefly 
of  the  liliaceous  kind,  which  fill  the  air  with  their  fragrance.  In 
the  southern  districts,  as  Lower  Texas,  they  are  interspersed  with 
groups  of  magnolias,  tulip,  and  cotton  trees ;  and  in  the  N.W. 
with  oak  and  black  walnut.  These  are  rare  occurrences,  for  the 
prairies  may  be  traversed  for  many  days  without  meeting  with  a 
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■hiub,  except  on  the  banks  of  the  streams,  which  are  beautifully 
fringed  with  myrtles,  azaleas,  kalmias,  andromedas,  and  rhododen- 
drons. On  the  wide  plains  the  only  objects  to  be  seen  are  countless 
herds  of  wild  horses,  bisons,  and  deer.  The  country  assumes  a  more 
severe  aspect  in  higher  latitudes.  It  is  still  caimble  of  ])roducing 
rye  and  barley  in  the  territories  of  the  Assinilxtinc  Indians,  and 
round  Lake  Winnipeg  there  are  great  forests  ;  a  low  vegetation  with 
grass  follows ;  and  towards  the  Arctic  Ocean  the  land  is  Imrren  and 
ooTered  with  numberless  lakes  and  large  streams  sunk  into  narrow 
▼alleys  which  flow  into  that  icy  sea. 

E.  of  the  Mississippi  there  is  a  magnificently  undulating  country, 
extending  1000  miles  from  S.  to  N.  between  that  great  river  and 
the  Alleghany  Mountains,  mostly  covered  with  trees.  Pine  barrens, 
stretching  far  into  the  interior,  occupy  the  whole  coast  of  the  Gulf 
of  Mexico  eastward,  from  Pearl  River  through  Alabama  and  a  great 
part  of  Florida.  ITiese  vast  monotonous  tracts  of  sand  covered 
with  forests  of  gigantic  pine-trees  are  as  peculiarly  a  distinctive 
feature  of  the  North  American  continent  as  the  prairies,  and  are  not 
confined  to  this  part  of  the  United  States ;  they  occur  to  a  great 
extent  in  North  CarrjUna,  Virginia,  and  elsewhere.  Tenessee  and 
Kentucky,  though  much  cleared,  i)ossess  lar^e  woo<l-lands ;  "  almost 
the  whole  country  between  the  western  slojx's  of  the  A]>palachian 
Mountains,  and  the  Mississipjii,  the  Wabash,  and  I>ake  Michigan, 
was  originally  clothed  with  forest,  and  much  of  it  still  remains.** 
The  Ohio  flows  for  hundreds  of  miles  among  magnificent  trees  with 
an  undergrowth  of  azaleas,  rhododendrons,  and  other  l>eautiful 
shrubs,  matted  together  by  creeping  plants.  There  the  American 
forests  appear  in  all  their  glory  ;  the  gigantic  deciduous  cypress,  and 
the  tall  tuli}vtree  overtopping  the  forest  by  half  its  height,  a  variety 
of  noble  oaks,  black  walnuts,  American  plane,  hickory,  sugar  maple, 
and  the  liriodendrons,  the  most  splendid  of  the  magnolia  tribe,  the 
pride  of  the  forest. 

The  Illinois  waters  a  country  of  prairies.  Five  new  States  occupy 
a  territory  of  280,000  square  miles  round  the  great  lakes,  which 
contains  180  millions  of  acres  of  land  of  excellent  quality.  ITiese 
States  lie  between  the  lakes  and  the  Ohio,  and  they  reach  from  the 
United  States  to  the  Upj^er  Mississippi,  a  country  twice  as  large  as 
France,  and  six  times  the  size  of  Kngland ;  but  almost  the  whole 
of  this  noble  plain  of  North  America  is  unrivalled  in  every  natural 
advantage. 

The  quantity  of  water  in  the  north-eastern  part  of  the  central 
plain  gn^atly  preponderates  over  that  of  the  land  ;  the  6  princi|)al 
lakes — Iluron,  Sujvrior,  Michigan,  Erie,  and  Ontario— cover  an 
area  equal  to  Great  Britain,  without  reckoning  innumerable  smaller 
lakes  and  rivers. 
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§  2.  British  North  America,  including  the  shores  of  the  Polar 
Ocean  and  the  recently  estahlished  colony  of  British  Columbia, 
comprises  an  area  of  4,000,000  of  square  miles,  or  nearly  a  ninth 
part  of  the  whole  terrestrial  surface  of  the  globe.  Though  large 
tracts  on  the  Arctic  Ocean  are  uninhabitable,  there  is  no  perpetual 
snow  over  a  wide  extent  of  them,  and  severe  winters  do  not  prevent 
the  growth  of  the  cerealia  and  deciduous  trees,  for  whenever  a 
summer  heat  of  56°  lasts  for  100  or  120  days,  wheat  may  be  profit- 
ably cultivated ;  the  limit  seems  to  be  the  65th  parallel  of  latitude, 
80  that  even  the  northern  parts  are  not  so  desolate  as  is  generally 
supposed.  Canada,  by  far  the  most  valuable  of  the  British  colonies, 
which  occupies  the  eastern  part  of  this  enormous  region,  has  an  area 
seven  times  the  size  of  England,  and  2,500,000  inhabitants.  No 
country  in  the  world  surpasses  Canada  in  the  produce  of  wheat; 
in  1859  it  amounted  to  25,000,000  of  bushels  of  the  very  best 
quality,  and  in  Western  Canada  the  produce  had  increased  400  per 
cent,  in  ten  years.  Every  plant  that  requires  a  hot  summer  and  can 
endure  a  cold  winter  thrives  there.  Whole  districts  of  many  square 
miles  are  of  alluvial  soil,  from  30  to  80  feet  deep,  which  in  some 
places  is  so  rich  as  to  bear  good  crops  for  several  successive  years 
without  manure,  and  there  are  many  continuous  tracts,  especially 
along  the  rivers,  too  rich  for  wheat. 

Although  there  is  much  productive  soil  in  Lower  Canada  yet  the 
largest  and  finest  tracts  of  land  are  in  Upper,  now  called  Western, 
Canada,  which  is  a  plain  of  20,000  square  miles,  of  great  fertility, 
mostly  covered  with  noble  forests,  which  show  the  strength  of  the 
soil.  The  trees  are  mostly  deciduous,  as  maj)le,  beech,  oak,  bass- 
wood,  elm,  hickory,  walnut,  chestnut,  cherry,  birch,  cedar,  and  pine. 
The  autumnal  tints  of  these  forests,  even  on  cloudy  days,  are  so 
brilliant  that  the  yellow  leaves  give  the  impression  of  sunshine; 
each  leaf  presents  a  point  of  sparkling  gold.  The  hues  change  from 
day  to  day,  and  pink,  lilac,  vermilion,  puri)le,  deep  blue,  and  brown, 
combine  to  form  a  gorgeous  mass  of  colouring  that  surpas.ses  imagi- 
nation :  even  the  decay  of  the  aged  and  fallen  trees  is  concealed  by 
a  mantle  of  geraniums,  honeysuckles,  foxgloves,  and  other  flowers. 

More  to  the  N.  deciduous  trees  become  scarcer,  and  pine  forests 
of  great  variety  prevail.  Of  the  whole  114  8i)ecies  of  known  pines, 
21  are  natives  of  Canada,  or  the  Hudson  Bay  territory.  The  balm 
of  Gilead  fir,  the  hemlock  and  black  spruce,  are  common  ;  the 
latter  is  also  found  in  Nova  Scotia.  The  Pinus  alba,  or  white 
spruce,  is  one  of  the  most  beautiful  of  the  Canadian  trees  ;  it  grows 
to  the  height  of  140  feet,  with  branches  feathering  down  to  the 
ground  and  leaves  of  a  sea-green  hue  ;  but  the  Weymouth  pine  is 
the  largest  in  the  Canadian  woods,  and  grows  in  most  of  the  dis- 
tricts £.  of  the  Rocky  Mountains.    It  frequently  grows  to  the  height 
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of  200  feet,  bat  in  the  Canadian  forests  it  is  like  a  bare  spar  with  a 
tufted  crown,  casting  a  deep  gloom  below.  The  fall  of  large  trees 
fjrom  age  is  a  common  occurrence,  and  not  without  danger,  as  it 
often  causes  the  destruction  of  those  adjacent ;  and  an  ice-stomi  is 
awfuL 

After  a  heavy  fall  of  snow,  succeeiled  by  rain  and  a  jmrtial  thaw, 
a  strong  frost  coats  the  trees  and  all  their  branches  with  trans|)arent 
ioe  often  an  inch  thick ;  the  noblest  trees  bend  under  the  load, 
icicles  hang  from  every  bough,  which  conic  down  in  showers  with 
the  least  breath  of  wind.  Ilie  henilock-sprucc  especially,  with  its 
long  drooping  branches,  is  then  like  a  solid  mass.  If  the  wind 
freshens,  the  smaller  trees  become  like  com  Ix^aten  down  by  the 
gale,  while  the  larger  ones  swing  heavily  in  the  breeze.  The  forest 
at  last  gives  way  under  its  load,  tree  falls  after  tree  with  sudden 
and  terrific  violence,  crushing  all  before  them,  till  the  whole  is  one 
wild  uproar,  heard  from  afar  like  successive  tlischarges  of  artillery. 
Xothing,  however,  can  be  imagined  more  brilliant  and  beautiful 
than  the  effect  of  sunshine  in  a  cahu  day  on  the  fro/en  lK>ughs, 
where  every  particle  of  the  icy  crystals  si>arklos,  and  nature  seems 
decked  in  diamonds.^ 

lliese  noble  Canadian  forests  are  rapidly  falling  under  the  axe : 
already  the  largest  trees  on  the  rivers  have  been  cut  down,  the 
smaller  ones  only  being  left,  because  the  great  river  system  of  this 
country  affords  the  means  of  traus^jorting  the  timber  to  the  sea  by 
rafts.  In  1859  the  value  of  the  tinilxT  exj^ortod  amounted  to  nearly 
2,500,000  sterling. 

§  3.  That  magnificent  region,  extending  from  the  Cauadas  to  the 
Pacific  Ocean,  was  for  more  than  a  century  only  known  to  the 
Hudson  liay  Comimny,  who  had  many  settlements  scatteretl  over  it 
for  the  capture  of  fur-bearing  animals,  which  are  so  valuable  and 
numerous  that  they  emj)loyed  10(),0(.X)  Indians  in  the  chase,  and  it 
is  believed  that  the  value  of  the  fur  imjKJrtod  into  Plngland  since 
the  beginning  of  the  trade  amounts  to  20,(XK>,000/.  sterling.  Since 
the  discovery  of  the  gold-producing  tlistrict  has  le<l  to  the  establish- 
ment of  the  Colony  of  British  Columl>ia  west  of  the  Rwky  Moun- 
tains, expeditious  have  been  sent  by  the  British  and  Canadian 
governments  to  examine  the  nature  of  the  country,  and  to  ascertain 
the  passes  over  the  Rocky  Mountains,  with  a  view  ultimately  to 
connect  the  two  oceans  by  a  railway  2000  mik>s  long.  The  country 
between  Lake  Sui^rior  and  the  Bed  Biver  settlement  of  the  Hudson 
Bay  Comi>any  consists  of  chains  of  rivers  and  lakes  of  the  most 
romantic  scenery  ;  that  on  Sturgeon  Lake  is  said  to  be  of  the  highest 
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order ;  and  the  scenery  among  the  islands  of  the  Lake  of  the  Woods 
is  singularly  picturesque,  consisting  of  every  variety  of  bare  preci- 
pitous rock,  abrupt  timbered  hills,  gently  wooded  slopes,  and  open 
grassy  plains ;  and  so  abundant  are  the  flowers  on  the  banks  of  these 
secluded  lakes  that  they  look  like  a  neglected  garden.  In  fact,  the 
great  lakes  of  the  Winnipeg  basin,  embracing  an  area  of  water  of 
13,000  square  miles,  are  bounded  on  the  west  by  abrupt  and  ])reci- 
pitous  escarpments,  which  bear  the  marks  of  having  been  an  ancient 
coast-line  when  the  ocean  was  relatively  1600  feet  above  its  present 
level.  On  their  western  flanks  these  ranges  descend  in  steps  and 
gentle  slopes  to  the  fertile  valleys  of  the  Assiniboine  and  Swan 
Rivers,  and  are  densely  wooded  with  valuable  timber  trees. 

Captain  Palliser,  in  his  exploring  expedition,  found  that  the 
southern  branch  of  the  Saskatchewan  flows  through  a  sterile  country 
that  seems  to  be  part  of  the  great  American  desert.,  but  he  discovered 
a  large  navigable  river  equal  to  the  Missouri  in  size  and  volume. 
It  issues  from  the  chain  of  the  Qu*appelle  Lakes  and  joins  the 
Saskatchewan,  which,  with  its  tributaries,  falls  into  Lake  Winnipeg 
after  having  watered  the  Buffalo  prairies.  It  is  estimated  that  the 
country  drained  by  the  Saskatchewan  and  the  Red  River  contains 
155,000  square  miles.  Of  this  land  about  80,000  square  miles, 
lying  south  of  the  elbow  of  the  Saskatchewan  and  the  Qu'appelle 
River,  would  be  adapted  for  grazing.  At  the  base  of  the  Rocky 
Mountains  there  is  a  strip  of  fertile  territory,  and  on  the  N.  branch 
of  the  Saskatchewan  there  are  about  65,000  square  miles,  one-third 
of  which  is  fit  for  immediate  cultivation.  Though  the  winter  is 
severe,  the  number  of  buffaloes  that  live  on  these  grounds  shows 
that  they  are  perfectly  suited  for  settlements. 

§  4.  It  is  singular  that  the  lowest  passes  in  the  Rocky  Mountains 
riiould  be  in  the  highest  part  of  the  chain.  Captain  Palliser  and 
his  party  discovered  three  that  might  be  available  for  carrying  a 
railway  across,  all  of  which  are  on  British  ground.  The  Vermilion 
Pass  is  described  as  a  deep  gorge  between  high  peaks,  and  only  4947 
feet  above  the  level  of  the  sea;  the  Kananaski  Pass,  preferred  by 
Captain  Palliser,  is  through  a  wide  sloping  valley,  with  a  com- 
paratively easy  descent  to  the  W.,  which  by  a  tunnel  might  be 
reduced  to  the  absolute  height  of  4600  feet.  The  third  is  the 
Eutanie  Pass.  The  Yellow  Head  Pass,  leading  from  the  Athabasca 
to  the  Upper  Frazer,  has  been  explored  by  Dr.  Rae.  It  is  N.  of  the 
others,  in  latitude  52°  54'  N.,  and  crosses  the  mountains  by  a  series 
of  easy  gradients,  its  greatest  altitude  being  3760  feet.  This  pass 
leads  into  the  valley  of  the  Thompson,  a  tributary  of  the  Frazer, 
and  was  the  one  followed  by  Lord  Milton  and  Dr.  Cheadle  in 
their  well-known  journey.  The  valleys  of  the  Thompson  and 
Frazer  Rivers  are  distinguished  by  a  series  of  raised  terraces  on  a 
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gnnd  Kftle,  which  have  been  traced  for  100  miles  along  the  banks 
of  the  Thompson  and  200  miles  along  those  of  the  Frazer.  These 
Are  all  perfectly  uniform,  and  correspond  on  the  op])08ite  sides  of  the 
Tmlleyi.  The  lower  valley  of  the  Frazer  is  a  nigged  defile,  moun- 
tain sacceeding  mountain  between  Yale  and  Lyttou,  "  bluff  after 
bluff  of  solid  perpendicular  granite,  intermingled  with  steep  slides  of 
lolling  rock,  washed  by  a  deep  impetuous  stream,  and  1500  to  2000 
feet  high.'*  It  is  of  extreme  importance  to  establish  a  communica- 
tion between  Britisli  Columbia  and  the  Red  Kiver  settlement,  not 
only  in  consequence  of  the  fertility  of  the  latter,  but  liecause  it  lies 
in  the  direct  line  of  an  interoceanic  railway ;  for  Captain  Blakeny 
has  shown  that  the  shortest  distance,  or  great  circle  of  the  sphere, 
joining  Montreal  and  New  Westminster,  the  capital  and  seaiM)rt  of 
British  Columbia,  passes  through  the  Red  River  si'tt lenient ;  but 
unless  it  he  speedily  united  to  Canada  by  a  commercial  route,  it  is 
in  danger  of  becoming  a  province  of  the  Uniteii  States. 

The  Rocky  Mountains  proper,  the  great  watershed  of  the  con- 
tinent, may  be  considere<l  as  only  the  eastern  Hank  of  an  immense 
tract  of  mountainous  country.      This  attains  it,s  greatest  height 
where  the  western   flank — the  Cascade  range — runs  like  a  wall 
along  the  coast,  only  broken  by  gorges  or  nicks,  through  which 
the  Columbia  and  Frazer  Rivers  flow  into  the  Pacific.     In  British 
Columbia  the  Rocky  Mountains  and  the  Cascade  range  a])proach  so 
close  to  each  other  that  they  may  Ixj  consiilere<l  to  form  one  vast 
chain.     Farther  N.  they  enclose  lK?twoen  them  an  elevate*!  ]>lateau 
of  rolling  countrj'  100  miles  in  breadth.     The  RiK:ky  Mi^untains 
here  fonn  a  trii)le  range,  averaging  from  150  to  lOO  miles  wide,  the 
main  crest,  which  is  the  most  easterly,  rising  al)ru})tly  from  an 
elevated  plain  to  a  height  of  1(),0<X)  feet,  the  middle  and  western 
crests  being  resjxictively  12,000,  and  from  4000  tt»  8lH)0  fwt  high. 
The  Cascade  range  runs  at  a  distance  of  20  to  26  miles  frtnu  the 
coast  far  northwards  into  what  was  Russian  America,  but  which  now 
forms  the  Territory  of  Alaska.     Its  average  width  N.  of  the  Frazer 
River  is  110  miles,  and  it  forms  a  sea  of  mountains,  some  of  its 
peaks  excee*ling  10,000  feet  in  height,  and  extending  inland  till  its 
spurs  mingle  with  those  of  the  Rt)cky  Mountain  range.    The  western 
glofjes  of  all  the  mountains  are  thickly  wo<xled.     In  the  CiLScatle 
range  there  are  some  fine  glaciers,  and  the  coast  line  ])enetratt»s  by 
numerous  ojienings,  such  as  Bute  Inlet,  far  \\\)  into  the  mountains. 
The  scenery  is  like  that  of  the  Norwegian  fionis. 

The  middle  and  western  crests  of  the  lu>cky  Mountains  arv 
gradually  depressed  N.  of  CarilMK),  and  this  depression  fonns  a  large 
tract  of  level  and  fertile  country  on  eatrh  side  of  the  IJpiRT  Fnizer. 
The  gold  region  of  CarilMx)  lies  in  the  ell>ovv  forme«l  by  the  Ui»i)er 
watere  of  the  Frazer,  and  is  bounded  on  the  S.  by  the  Quesnelle 
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River.  Every  creek  in  the  hills  contains  gold,  and  auriferous  de- 
posits have  been  traced  throughout  the  whole  length  of  British 
Columbia  in  the  valleys  of  the  Frazer  and  its  tributaries.  Of  the 
interior  of  the  north-western  portion  of  North  America,  little  is  at 
present  known.  ITie  seaward  slopes  of  the  range,  in  which  Mounts 
St.  Elias  and  Fairweather  rear  their  mighty  crests,  are  clothed  with 
fine  forests,  chiefly  of  pine.  Back  from  these  mountains  an  un- 
dulating region  extends  to  the  great  Yukon  River,  one  of  the  ranges, 
the  Ululuk  Mountains,  attaining  an  altitude  of  3000  feet,  and  form- 
ing conspicuous  landmarks  in  a  country  which  is  comimratively 
level.     These  mountains  extend  from  N.  to  S.  for  about  100  miles. 

§  5.  The  Alleghany  or  Appalachian  chain,  which  constitutes  a 
second  and  subordinate  system  of  North  American  mountains,  sepa- 
rates the  great  central  plain  from  that  which  lies  along  the  Atlantic 
Ocean.  Its  base  is  a  strip  of  table-land,  from  1000  to  3000  feet 
high,  lying  between  the  sources  of  the  rivers  Alabama  and  Yazou, 
in  the  southern  states  of  the  Union,  and  New  Brunswick,  at  the 
mouth  of  the  river  St.  Lawrence.  This  high  land  is  traversed 
throughout  1000  miles,  between  Alabama  and  Vermont,  by  from 
three  to  five  parallel  ridges  of  low  mountains,  with  an  average  height 
of  2500,  and  in  North  Carolina  reaching  6000  feet,  and  sejMirated  by 
fertile  longitudinal  valleys,  which  occupy  more  than  two-thirds  of 
its  breadth  of  100  miles.  In  Virginia  and  Pennsylvania,  the  only 
part  of  the  chain  to  which  the  name  of  the  Alleghany  Mountains 
properly  belongs,  it  is  150  miles  broad,  and  the  whole  is  computed 
to  have  an  area  of  200,000  square  miles.  The  parallelism  of  the 
ridges,  and  the  uniform  level  of  their  summits,  are  the  characteristics 
of  this  chain,  which  is  lower  and  less  wild  than  the  Rocky  Moun- 
tains. The  uniformity  of  outline  in  the  southern  and  middle  parts 
of  the  chain  is  very  remarkable,  and  results  from  their  peculiar 
structure.*  These  mountains  have  no  central  axis,  but  consist  of  a 
series  of  convex  and  concave  flexures,  forming  alternate  hills  and 
longitudinal  valleys,  running  nearly  i)arallel  throughout  their  length, 
and  cut  transversely  by  the  rivers  that  flow  to  the  Atlantic  on  the 
one  hand,  and  to  the  Mississippi  on  the  other.  The  watershed 
nearly  follows  the  windings  of  the  coast  from  the  point  of  Florida 
to  the  north-western  extremity  of  the  State  of  Maine. 

The  picturesque  and  peaceful  scenery  of  the  Appalachian  Moun- 
.tains  is  well  known ;  they  are  generally  clothed  with  a  luxuriant 
vegetation,  and  their  western  slope  is  considered  one  of  the  finest 
countries  in  the  United  States.  To  the  S.  they  maintain  a  distance 
of  200  miles  from  the  Atlantic,  but  approach  to  the  coast  in  the 


*  Lyell's  Travels  in  North  America. 
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■oath-eMtem  part  of  the  State  of  New  York,  from  whence  their 
general  course  is  northerly  to  the  banks  of  the  St.  Lawrence.    But 
the  Blue  Mountains,  which  form  the  most  easterly  ridge,  are  con- 
tinued in  the  double  range  of  the  Green  Mountains  to  Oaspd  Point 
in  the  Gulf  of  St.  Lawrence.     They  fill  the  Canadas,  Maine,  New 
Brunswick,  and  Nova  Scotia  with  branches  as  high  as  the  mean 
eleyation  of  the  principal  chain,  and  extend  even  to  the  dreary 
regions  of  Baffin  Bay.     The  chief  Canadian  offsets  are  imrallel  to 
the  St.  Lawrence.     The  Mealy  Mountains,  on  the  E.  coast  of 
Labrador,  extend  from  Cape  Charles  to  iSandwich  Bay.     They  rise 
1484  feet  above  the  sea-level,  and  are  wooded  nearly  to  their 
summits.     With  the  Wotchish  Mountains,  and  the  elevated  land 
N.  of  the  St.  Lawrence,  these  mountains  have  recentlv  recoive<l  the 
jiMxne  of  the  Laurentian  range.     Little  is  known  of  the  high  lands 
within  the  Arctic  circle,  except  that  they  have  a  general  direction 
from  S.E.  to  N.W. 

$  6.  The  country  between  Hudson  Bay,  the  mouth  of  the  Churchill 
riyer,  and  that  of  the  Mackenzie,  is  also  an  almost  unknown  region ; 
on  the  E.  it  descends  steeply  to  the  coast,  but  the  western  part, 
known  as  the  Ikrren  (iround,  is  low  and  destitute  of  wckxI,  except 
on  the  banks  of  the  streams.  The  whole  is  covereti  with  low  pre- 
cipitous hills.  Not  only  the  deep  forest,  but  vegetation  in  general, 
diminishes  as  the  latitude  increases,  till  on  the  arctic  shores  the 
soil  becomes  incapable  of  culture,  and  the  majestic  forest  is  8U}ier- 
aeded  by  the  Arctic  birch,  which  oreei«  on  the  ground.  Many  of 
the  islands  along  the  north-eastern  coasts,  though  little  favoured  by 
nature,  produce  tlax  and  timber;  and  Newfoundland,  as  large  as 
England  and  Wales,  maintains  a  jMjpulation  of  125,000  souls  chiefly 
by  its  fisheries  :  it  is  nearer  to  Britain  than  any  i^rt  of  America — 
the  distance  from  the  p)rt  (►f  St.  John  to  the  harl)our  of  Valentia 
in  Ireland  Wng  only  1026  geographical  miles. 

§  7.  The  long  and  comi>aratively  uarrf)w  plain  which  lies  Ivetween 
the  Apinlachian  Mountains  and  the  Atlantic  extends  from  the  Gulf 
of  Mexico  to  the  ejustern  coast  of  Mjissachusetts.  At  its  southern 
extremity  it  joins  the  plains  of  the  Mississip])i,  and  gradually  be- 
comes narrower  in  its  northern  course  to  New  England,  where  it 
merely  includes  the  coitst-line  and  islands.  It  is  divideil  throughout 
its  length  by  a  line  of  blutis  from  200  to  30j)  feet  high,  which  com- 
mences in  Alabama  and  eii<ls  on  the  coast  of  Massachusetts.  This 
declivity  is  the  eastern  e<lge  of  the  terrace  known  as  the  Atlantic 
Slope,  which  rises  alcove  the  Maritime  Plain,  and  undulates  west- 
wani  to  the  f<H)t  of  the  Blue  Mountains,  the  most  eastern  ridge  of 
the  Api)alachian  cbain.  It  is  narrow  at  its  extremities  in  Alabama 
and  New  York,  but  in  Virginia  and  the  Carolinas  it  is  200  miles 
wide.     The  surface  of  the  sloi)C  is  of  great  uniformity ;  ridges  of 
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hills  and  long  valleys  run  along  it  parallel  to  the  mountains,  close 
to  which  it  is  600  feet  high.  It  is  rich  in  soil  and  cultivation,  and 
affords  an  immense  water-power  in  the  streams  and  rivers  flowing 
from  the  mountains  across  it,  which  are  precipitated  over  its  rocky 
edge  to  the  plain  on  the  E.  More  than  23  rivers  of  considerable 
size  fall  in  cascades  down  this  ledge  between  New  York  and  the 
Mississippi,  affording  scenes  of  great  beauty.^ 

Both  land  and  water  assume  a  new  aspect  on  the  Atlantic  Plain. 
The  rivers,  after  dashing  over  the  rocky  barrier,  run  in  tranquil 
streams  to  the  ocean ;  and  the  plain  itself  is  a  monotonous  level, 
not  more  than  100  feet  above  the  surface  of  the  sea.  Along  the 
coast  it  is  scooped  into  valleys  and  ravines,  with  innumerable 
creeks. 

The  greater  part  of  the  magnificent  countries  east  of  the  Alle- 
ghanies  is  in  a  high  state  of  cultivation  and  commercial  prosperity, 
with  natural  advantages  not  surpassed  in  any  country.  Kature, 
however,  still  maintains  her  sway  in  some  parts,  especially  where 
pine-barrens  and  swamps  prevail.  The  territory  of  the  United 
States  covers  an  area  of  4,060,309  square  miles,  of  which  by  far 
the  greater  part  is  fertile,  and  capable  of  producing  everything  that 
is  useful  to  man.  The  climate  is  generally  healthy,  the  soil  abun- 
dant in  mineral  treasures,  and  it  possesses  every  advantage  from 
navigable  rivers  and  excellent  harbours.  Anglo-J>axon  civilization 
is  now  firmly  established  on  the  shores  of  the  Pacific,  and  the  tide 
of  white  men  is  continually  and  irresistibly  pressing  onwards  to  the 
ultimate  extinction  of  the  original  proprietors  of  the  soil — a  melan- 
choly but  not  a  solitary  instance  of  the  rapid  extinction  of  a  whole 
race. 

§  8.  The  most  striking  feature  in  the  geology  of  North  America 
is  the  enormous  development  of  the  Devonian  and  carboniferous 
strata  to  the  east,  and  the  still  more  extensive  development  of  the 
cretaceous  and  tertiary  formations  to  the  west.  The  latter  stretches 
from  the  southern  termination  of  the  Appalachian  hills  in  Georgia 
and  Alabama,  westward  to  the  table-land  of  Mexico,  north-west- 
ward to  the  eastern  foot  of  the  Sierra  Nevada,  to  California  and  the 
Cascade  chain  of  Oregon,  and  northward  by  the  broad  plain  of 
the  Missouri  to  an  undefined  limit  in  the  desert  steppes  that  lie 
beyond  that  river  and  east*  of  the  Rocky  Mountains.     I'he  portions 


*  The  author  is  indebted  to  the  article  on  the  *  Physical  Features  of 
North  America,'  in  the  last  edition  of  Keith  Johnston's  Physical  Atlas,  by 
Prof.  H.  D.  Rogers,  to  the  *  Travels '  of  Sir  Charles  Lyell,  to  Pal  User's  and 
Waddington's  papers  in  the  *  Transactions  of  the  Geographical  Society,'  to 
Mr.  F.  Whymper's  *  Alaska,'  and  to  the  *  Quarterly  Review '  for  1st  January, 
1861,  for  the  greater  part  of  her  information  on  the  Physical  Geography 
and  Geology  of  that  portion  of  the  New  World. 
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of  thii  emvmouB  area  that  are  tertiary  and  alluvial  are  Florida,  a 
Uzge  tract  at  the  mouth  of  the  MisHissippi,  and  the  whole  coast  of 
the  Gulf  of  Mexico;  and  to  the  west,  the  clevatcHl  Salt  Desert 
table-lands  from  the  Gulf  of  California,  through  Utah,  to  their 
farthest  extremity.  The  peninsular  chain  of  California  and  the 
Sierra  Nevada  rise  out  of  these  strata :  hut  the  Kockv  Mountains  rise 
through  the  cretaceous  plain.  'J'he  Californian  chain,  tlie  Sierra 
Nevada,  and  generally  the  coast-chains,  are  inetanioq)hic,  the  store- 
house of  mineral  riches.  Ihe  gold  furniation,  which  seems  to 
be  mexhaustible,  and  which  ]»rubal)ly  extends  through  AUiska 
territory,  has  given  rise  not  only  to  the  si'ttluiiient  of  Califoniia, 
but  to  British  Columbia,  no  doubt  destined  in  the  course  of  time  tv 
spread  indefinitely  over  the  rich  ])rairies  to  the  east  of  the  l^<.x;ky 
Mountains.  ITiese  metamorjihic  coast-chains  are  mixtnl  with  crys- 
talline granite  and  volcanic  rocks  of  all  ages.  The  latter  are  greatly 
developed  at  the  northern  termination  of  the  Utah  desert,  and  all 
along  the  Pacific  coast.  The  plateau  of  Sonora  consists  of  Paljeozuic 
with  volcanic  and  trap^iean  rocks,  and  occasionally  crystalline  strata. 
'JTie  Rocky  Mountains  seem  to  have  the  same  structure,  with  the 
addition  of  extensive  tracts  of  carl>onilerous  limestone. 

Ilie  geolc^y  of  the  eastern  juirt  of  the  continent  is  nf  a  very 
different  character.  Throughout  the  whole  of  the  United  States 
and  the  British  provinces  of  the  Atlantic  coast  an<l  tin?  Atlantic 
plain  westwanl  to  the  Missouri  Kiver,  and  from  the  end  of  tl»e  Ap- 
[lalachian  chain  in  Alaljama  and  the  river  Washita  in  Northern 
Texas  to  the  territory  of  Hudson  Bay,  an  area  eiiual  to  half  the 
breadth  of  the  continent  in  these  latitudes,  there  is  scarcely  any 
i>trata  of  later  fonnation  than  the  uj)i)er  coal-measures.  The  Devo- 
nian and  carboniferous  strata  prevail  from  the  gr(?at  lakes  to  about 
the  36th  degree  of  N.  latitude,  and  from  the  Atlantic  slope  to  the 
97th  meridian,  'lliey  are  enonnously  develo]R*d  in  tlepth  as  well  as 
in  extent,  for  the  Devonian  and  carlK)niferous  strata  together  are  a 
mile  and  a  half  thick  in  the  State  of  Nvw  York,  where  there  is  no 
coal;  hut  it  is  three  times  as  nuich  in  rennsylvauia,  and  the 
quantity  of  coal  in  the  United  States  is  sulhcieut  to  su])ply  the 
whole  world  lor  ages,  and  in  many  j»laces  lies  quitr  vu  the  surface. 
The  Appalachian  chain  consists  of  the  older  Paheozoic  strata  to  the 
west,  and  ta  the  east  there  is  a  wide  belt  of  irietamorphic  n.)cks 
c^>mbine<l  with  crvstalline,  and  alon'  the  Atlantic  coast  the  forma- 
lions  are  tertiarv  and  alluvial. 

Long  lines  and  patches  of  the  lower  PalaH)Zoic  rocks  are  found  in 
Vermont,  and  amon;^  the  great  lakes ;  but  a  very  wide  and  exten- 
sive development  of  crystalll;ie  rocks  occu]>ie3  Vermont,  Nova 
Scotia,  where  gold  has  reeenry  been  found,  but  more  espjcially 
Newfoundland,  and  extemi.    .-:ong  the  northern  side  of  tne  «jiulf 
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of  St,  Lawrence,  occupies  Lower  and  Upper  Canada,  the  country  of 
Minnesota,  and  from  thence  stretches  to  the  N.W.  in  a  very  broad 
belt  to  the  E.  of  Lake  Winnipeg.  A  great  deal  of  frranite  protrudes 
through  this  formation,  especially  in  Newfoundland.  All  the  most 
northern  part  of  the  continent  is  of  Silurian  and  Cambrian  strata.^ 

The  geological  outline  of  the  United  States,  the  Canadas,  and 
the  country  round  the  Polar  Ocean,  though  highly  interesting  in 
itself,  becomes  infinitely  more  so  when  viewed  in  connexion  with 
that  of  Northern  and  Middle  Europe.    A  remarkable  analogy  existvS 
in  the  structure  of  the  land  on  each  side  of  the  North  Atlantic  basin. 
The  extensive  formation  of  crystalline  rocks  interspersed  with  gra- 
nite, which  has  just  been  mentioned,  ranges  also  through  Scandi- 
navia, Finland,  and  Lapland.     In  the  latter  countries,  and  in  the 
more  northern  parts  of  America,  Sir  Charles  Lyell  has  observed  that 
the  fossiliferous  rocks  belong  either  to  the  most  ancient  or  to  the 
newest  formations ;  to  the  Silurian  strata,  or  to  such  as  cont^iin 
shells  of  recent  species  only,  no  intermediate  formation  ap]X'aring 
through  immense  regions.     Palaeozoic  strata  extend  for  2000  miles 
in  the  middle  and  high  latitudes  of  North  America ;  they  occujiy  a 
tract   nearly  as  great   between  the  most   westerly  headlands   ai' 
Norway  and  those  that  separate  the  White  Sea  from  the  Polar 
Ocean.     Sir  Roderick  Murchison  has  traced  them  through  Central 
and  Eastern  Europe,  and  the  Ural  Mountains,  even  to  Siberia; 
Messrs.  Abich  and  Tchihatcheflf  through  the  Caucasus  and  Altai. 
'J'hey  have  been  seen  by  Messrs.  Pentland  and  D'Orbigny  to  con- 
stitute some  of  the  most  elevated  pinnacles  of  the  Bolivian  Andes  ; 
and  Colonel  Strachey  has  discovered  them  at  a  great  elevation  in 
the  Himalaya,  where  they  form  the  summits  of  the  gigantic  Jum- 
notri,  and  with  fossils  analogous  to  those  found  in  the  Ural  and 
the  Andes.    Throughout  these  vast  regions,  both  in  America  and  in 
the  old  continent,  the  Silurian  strata  are  followed  in  a^scending  order 
by  the  Devonian  and  carboniferous  formations,  which  are  of  such 
enormous  extent  in  the  United  States,  and  which  reapi)ear  in  New 
Brunswick,  Newfoundland,  and  traces  of  them  may  he  found  in  the 
islands  of  the  Polar  Ocean,  on  the  east  coast  of  Greenland,  and  even 
in   Spitzbergen.     A  vast  carboniferous  basin   exists   in  Belgium, 
above   the   Silurian  strata ;   two  or  three  of  less  importance  in 
France ;  and  a  great  portion  of  Britain  is  perfectly  similar  in  struc- 
ture to  North  America.     The  Silurian  rocks  in  many  instances  are 


*  The  reader  is  referred  to  the  excellent  maps  and  letterpress  un  the 
jjeology  of  North  America,  by  Professor  H.  D.  Rogers,  in  the  new  edition  of 
Mr.  Keith  Johnston*8  Physical  Atlas,  and  to  the  Atlas  of  the  United  States, 
Canada,  Mexico,  &c.  &c.,  by  Professor  Rogers  and  A.  Keith  Johnston,  pub- 
Hsh«d  in  1857. 
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the  same,  and  the  coal-fields  of  New  England  arc  precisely  similar 
to  those  in  Wales,  3000  miles  ofT. 

In  all  the  more  northern  countries  that  have  been  mentioned,  so 
very  distant  from  one  another,  the  general  range  of  the  rocks  is 
from  N.B.  to  S.W.;  and  in  Northern  lllun)])e,  the  British  Isles, 
and  North  America,  great  lakes  are  fonnttl  along  the  junction 
of  the  strata,  the  whole  analogy  affording  a  proof  of  the  wide 
diffuaion  of  the  same  geological  conditions  in  the  northern  regions 
at  a  very  remote  period.  At  a  later  time  those  erratic  bltxks  which 
are  now  scattered  over  the  higher  latitudes  of  both  continents  were 
most  likely  brought  from  the  N.  by  icebergs,  while  the  land  was 
still  covered  by  the  det*p,  or  by  glacial  movement  over  the  land. 
Volcanic  agency  has  not  l>een  wanting  to  complete  the  analogy. 
The  Silurian  and  overlying  strata  have  been  ])ierced  in  numerous 
places  by  trapixsan  rocks  on  Iwth  continents,  and  they  a]>|X'ar  also 
in  the  islands  of  the  North  Atlantic  and  INOar  Seas. 

§  9.  From  the  similar  nature  of  the  coasts,  and  the  identity  <)f 
the  fossil  mammalia,  on  each  side  of  Ik^hriug  Stniit,  it  is  more  than 
probable  that  the  two  continents  were  unit(.»<l,  even  since  the  sea 
was  inhabited  by  the  existing  sikhmcs  of  animals.  Some  of  the 
gigantic  quailni]>cds  of  the  old  continent  are  supposeil  to  have 
crossed  either  over  the  land  or  over  the  ice  to  America,  to  have 
wandere<l  southwanl  thnmgh  the  longitudinal  valleys  of  the  Rocky 
Mountains,  Mexico,  and  Centnil  America,  and  to  have  spread  over 
the  large  plains  of  both  continents  even  to  their  utmost  extremity.* 
An  extinct  species  of  horse,  the  mastiwlon,  allii-d  to  the  elephant, 
three  gigantic  eilentata,  and  a  hollow-honu^d  niminating  animal 
roamed  over  the  pmirios  of  North  America,  certainly  since  the  seji 
was  peo])led  by  its  present  inhabitants,  jirolnibly  even  since  the 
existence  of  the  Indians.  Tlie  skeletons  of  these  creatures  are 
fuund  in  great  numbers  in  the  saline  marshes  on  the  prairies,  ealU-*! 
Lickn,  which  are  still  the  rest)rt  of  the  existiiiir  races.'* 

§  10.  The  averacje  height  <»f  the  continents  alnive  the  level  of  the 
sea  is  the  mean  k'tween  the  height  of  all  the  high  lands  and  all 
the  low.  Humlxjldt,  by  whom  the  cf»mputation  was  cAwtinl,  found 
that  the  table-lands  with  their  sloi)es,  on  account  of  llieir  vast 
extent  an<l  mass,  have  a  much  greater  influence  u]Jon  the  result 
than  mountain-chains.  For  example,  if  the  range  of  the  Pyrenees 
were  pulverised,  and  strewed  equally  over  the  whole  of  Phuoi»e,  it 
would  only  raise  the  soil  G  feet ;  the  AIjkm,  which  (Kxupy  an  area 
four  times  as  great  as  that  on  which  the  Pyrenees  stand,  would  only 


*  Sir  John  Richardson  on  the  Fauna  of  the  High  I<;itituiie>  of  North 
America. 

■  Lvoll's  Trav«ls  in  North  America. 
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raise  it  22  feet ;  whereas  the  compact  plateau  of  the  Spanish  penin- 
8ula,  which  has  only  1920  feet  of  mean  height,  would  elevate  the 
soil  of  Europe  76  feet ;  so  that  the  table-land  of  the  Sj^anish  penin- 
sula would  produce  an  effect  nearly  four  times  as  great  as  the 
whole  system  of  the  Alps.* 

A  great  extent  of  low  land  necessarily  compensates  for  the  high — 
at  least  it  diminishes  its  effect.  The  mean  elevation  of  France,  in- 
cluding the  Pyrenees,  Jura,  Vosges,  and  all  the  other  French  moun- 
tains, is  870  feet,  while  the  mean  height  of  the  whole  European 
continent,  of  1,720,000  square  miles,  is  only  670  feet,  because  the 
vast  Euroi)ean  plain,  which  is  nine  times  as  large  as  France,  has  a 
mean  altitude  of  but  380,  although  it  has  a  few  intumescenccH, 
which,  however,  are  not  much  above  1000  feet  high,  so  that  it  is 
200  feet  lower  than  the  mean  height  of  France.* 

The  great  table-land  of  Eastern  Asia,  with  its  colossal  mountain- 
chains,  has  a  much  less  efifect  on  the  mean  height  of  Asia  than 
might  have  been  expected,  on  account  of  the  depression  round  the 
Caspian  Sea ;  and  still  more  from  the  very  low  level  and  the  enor- 
mous extent  of  Siberia,  which  is  as  large  as  all  EurojH?.  The  in- 
tumescences in  these  vast  plains  are  insignificant  in  comparison 
with  their  vast  area,  for  Tobolsk  is  only  115  feet  above  the  level  of 
the  sea;  and  even  on  the  Upper  Angora,  at  a  j)oint  nearer  the 
Indian  than  the  Arctic  Sea,  the  elevation  is  only  830  feet,  and 
the  third  part  of  Asia  has  a  mean  height  of  only  255  feet.  The 
effect  of  the  Great  Gobi,  that  part  of  the  table-land  lying  between 
Lake  Baikal  and  the  wall  of  China,  is  diminished  by  a  vast  hollow 
2560  feet  deep,  the  dry  basin  of  an  ancient  sea  of  considerable 
ext<^nt  near  Erg^,  so  that  this  great  desert  has  a  mean  height  of 
but  4220  feet,  and  consequently  it  only  raises  the  general  level  of 
the  Asiatic  contment  128  feet,  though  it  is  twice  as  large  as  Ger- 


*  A  chain  of  mountains  is  assumed  to  be  a  three-sided  horizont<\l  prism, 
whose  height  is  the  mean  elevation  of  the  chain,  and  the  base  the  mean 
length  and  breadth  of  the  same,  or  the  area  on  which  the  chain  stands,  and 
thus  its  mass  may  be  computed  approximately.  It  is  evident  that  a  table- 
land must  have  a  greater  effect  on  the  mean  height  of  a  continent  than  n 
chain  of  mountains,  for,  supposing  both  to  be  of  the  same  base  and  altitude, 
one  would  be  exactly  double  the  other;  and  even  if  the  mountains  be  tlie 
higher  of  the  two,  their  upper  parts  contain  much  less  sulid  matter  tlian 
their  lower  on  account  of  the  intervals  and  deep  valleys  between  the  peaks. 

•  According  to  M.  Oarpentier,  the  area  of  the  base  of  the  Pyrenees  is 
1720  square  English  miles.  As  the  mean  elevation  of  the  pas.ses  give.«>  the 
mean  height  of  the  mountains,  Baron  Humboldt  estimated  from  the  heii^ht 
of  23  passes  over  the  Pyrenees  that  the  mean  crest  of  that  chain  is  791*0 
feet  high,  which  is  300  feet  higher  than  the  mean  height  of  the  Alps, 
though  the  peaks  in  the  Al{>8  have  a  greater  elevation  than  those  of  tlie 
Pyrenees  in  the  ratio  of  1^  to  1. 
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numy.  The  table-land  of  Tibet,  whoso  mean  elovnti<>n,  according 
to  Humboldt,  is  11,600  feet,  together  with  the  chains  of  the  Hima- 
laya and  Kueo-hm,  which  enclose  it,  only  priKluces  an  effect  of 
3oB  feet.  On  the  whole,  the  mean  level  of  Asia  aWve  t]i(>  sea  is 
1150  feet.* 

Not  withstanding  the  height  and  length  of  the  Andes,  their  mass 
has  little  effect  on  the  continent  of  l^uuth  America  on  aoc<»nnt  of 
the  extent  of  the  eastern  plains,  which  are  one-third  lar^jjer  than 
Europe.  For  if  these  mountains  were  reduced  t<»  ]M»wdt?r  and 
&trewn  equally  over  them,  it  would  not  raise  them  aUjve  518  feet; 
but  when  the  minor  mountain  systems  and  the  tahle-land  of  I^razil 
are  added  to  the  Andes,  the  mean  height  of  the  whole  of  South 
America  is  1130  feet.  Xorth  Aiueric^i,  whose  mountain-chains  are 
far  infcriorlo  those  in  the  s<jutheru  part  of  the  ctuitinent,  lias  its 
mean  eWvation  increastd  by  the  table-land  of  Mexico,  so  that  it 
has  750  feet  of  mean  height. 

The  mean  elevation  of  the  whole  of  the  New  \V<»rld  is  030  feet 
ab(wc  the  level  of  the  sea,  and  that  of  the  continental  masses  of 
Euroiie  and  Asia  1010  feet.  Thus  it  ap|>ears  that  the  internal 
action  in  ancient  times  has  been  most  ixjwcrl'ul  muler  Asia,  some- 
what less  under  South  America,  coTjsi<k'ral)ly  less  under  North 
America,  and  least  of  all  un<ler  Kuri>iM*.^ 

So  little  is  known  of  the  Ix'd  of  the  greater  ]>art  of  the  ocean  that 
no  inference  can  be  drawn  with  regard  to  its  heights  and  hollows, 
and  what  relation  its  mean  depth  l>ears  to  the  mean  height  of  the 
land.  From  its  small  influence  on  the  gravitating  force,  La  Place 
a.S8umed  it  to  \mi  alx)ut  four  miles.*    As  the  mean  heiglit  of  the  con- 

*  Tlie  Russian  Academicians  MM.  Fuss  ami  Bunjre  found  l»y  banmietrical 
tneaauremcnt  the  nie:in  hcij^ht  ot'  that  part  of  the  Ka.>t»Tn  Anatio  tahlr- 
land  lying  between  Like  I'laiknl  and  the  Cireat  Wall  of  C'hiu<i  to  bo  only 
alxmt  4%0  feet.  The  smalluess  <>f  this  ni«'an  is  u\viu«;  to  hollows  in  the 
table-]»nd,  eKj)edally  in  the  <lesert  of  tin-  (.ir<*at  («»hi. 

*  By  the  me^isures  and  cnl(>uiation<)  of  liaron  Humboldt  an<l  Mr.  Pont- 
land,  the  elevation  of  the  hi{j:hest  jieaks,  and  the  moan  hei'.;hts  of  the 
Himalaya,  uf  the  Equatorial  and  Bolivian  Andes,  and  the  Alps,  arc  as 

follow : — 

IVakit.  Mean  IT»-ighL 

Himahiya •-'*).ooi>  ..  ..  i:».»570 

Andes  l^tween  :»°  X.  and  'J^  S.  iat.  . .  J 1 .4J4  . .  . .  11  ,:W« » 

Kiwtern  Conlillera    \    Ifetwecn  IH''  /  -Jl.iioo  ..  ..  I.\j:i0 

Western  Conlillera  /  an«l  i:>^  S.  Iat.  \  liJ.;'.:.<»  ..  ..  U/.Mm 

Alps ir»,7ii9  ..  ..  7.;».'».'i 

Tlie  Peak  of  Dhawalaghiri  is  Jjj.SO-*  feet  hiuh,  and  M«^unt  Everfrst.  or  tl« 
Peak  of  Dt^nlhunga,  b'tweon  Xepaul  and  Sikiin,  *Ji»,(M»J. 

■  The  greatest  di'pth  hitherto  attained  by  sountlinirs  is  nearly  four  statute 
miles,  or  6..'»0<)  vanls.  bv  our  naval  survevors,  in  the  South  Atlantic  near 

•  •         •  ■ 

the  equator,  between  '24''  and  '2o°  W.  longitude. 
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tinents  is  about  1000  feet,  and  their  extent  only  about  a  fourth  of 
that  of  the  sea,  they  might  be  easily  submerged,  were  it  not  that, 
in  consequence  of  the  sea  being  only  one-fifth  of  the  mean  density 
of  the  earth,  and  the  earth  itself  increasing  in  density  towartis  its 
centre,  La  Place  has  proved  that  the  stability  of  the  equilibrium  of 
the  ocean  can  never  be  subverted  by  any  physical  cause :  a  general 
inundation  from  the  mere  instability  of  the  ocean  is  therefore 
impossible. 
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CHAPTER    XIY. 


ISLANrS  OF   THE   PACIFIC   AND   INDIAN   OCflANS. 

§  1.  Continent  of  Australia;  general  descriptinn ;  New  South  Wales; 
Sydnev ;  tiouthem  mount^iin  systeui ;  mutli-webtern  explorations  by 
M*E>«>ugall  Stuart;  Mr.  Gregory's  expedition  in  North  Australia;  ]>ro- 
ductiomt  and  climate  of  the  continent.  §  2.  Island  of  Tasmania  or  Van 
Dieinen's  Land.  §  3.  Geology  of  Australia.  §  4.  Classificjition  of 
iidands ;  continental  islands ;  pelagic  islands.  §  5.  New  Zealand.  §  G. 
New  Guinea  and  the  Aru  islands.  §  7.  Borneo  and  the  Malay  archi- 
pelago ;  labours  of  Sir  James  Brooke. 

§  1.  The  continent  of  Australia  being  nearly  destitute  of  larjze  navi- 
^ble  rivers,  it  wbh  coucUule<i  that  no  very  high  land  exi.sted  in  its 
interior,  even  before  it  had  Iwen  explored.  The  ea.<<tem  half  of  the 
interior  is  now  t<derably  well  known,  and  it  has  been  found  to  con- 
stitute a  vast  shallow  basin,  the  drainage  of  all  tlie  rivers  flowing 
from  the  western  sIojhjs  of  the  eastern  coast-nuige  of  mountains,  N. 
of  the  tril>ut4iries  of  the  Murniv,  finding  its  wav  into  a  chain  of 
salt-lakes  by  Co<.)iK?r'.s  Creek  or  the  i^arcoo  Hivcr.  A  similar  in- 
terior basin  is  supj)ose<l  to  exist  in  the  western  half  Thus  the 
continent  would  ap])ear  to  Ix;  constituted  by  a  ring  of  mcKlerately 
high  land  round  its  coasts,  enclosing  a  great  shallow  depression  in 
its  interior.  It  is  2400  miles  from  E  .to  W.,  and  1700  from  N.  to  S., 
and  is  divided  into  two  unequal  parts  by  tlie  Tro])ic  of  Capricorn  ; 
conscfiuently  it  has  both  a  tenii)enite  and  a  troj>ical  climate.  New 
(ruinea,  separatetl  from  Australia  by  I'orres  Strait,  and  traversed 
by  the  Siime  chain  of  mountains  with  Austmlia  and  Tasmania,  is 
so  similar  in  its  productions  that  it  may  l)e  regardeil  as  a  detached 
meni)>er  of  the  atljaceiit  continent. 

The  coiists  of  Australia  are  indente<\  by  very  large  bays,  and  by 
harlwurs  that  might  give  shelter  to  all  the  navies  in  Euro]»t».  The 
most  distingui.shing  feature  <»f  the  eastern  side,  which  is  chiefly 
«»ccupiwl  ))y  the  British  colonies  of  Queensland  ami  New  South 
Wales,  is  the  height  and  continuity  of  its  coast -chain  of  mountains 
wliich  never  retires  far  fn»m  the  coa»*t,  and,  with  the  exception  of 
some  short  deviations  in  its   southern  ]Mirt,  maintains   nearly  a 
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mcridionaldirection  through  35  degrees  of  latitude.  ItiscontiimC'int 
one  extremity  from  Torres  Strait,  N.  of  tho  Gulf  of  Cari>cntiirin,  Eir 
into  the  interior  of  New  Guioea ;  snii  at  the  other  it  traverses  tht! 
whole  of  Tasmania.  ]n  the  DDrthem  jiarts  of  Australia,  it  fiini\B  in 
some  places  merely  the  lofty  escarpmentof  a  table-land;  butabrmt 
the  29th  degree  of  S.  latitude  it  assumes  the  fonn  of  a  resulnr 
mountain-chain,  and,  running  in  a  tortuous  line  from  N.E.  to  S.\V., 
terminates  its  visible  course  at  Wilson  Promontory,  tho  southeni 
extremity  of  the  continent.  It  is  continued,  however,  by  a  cliaiii 
of  mountainous  islands  across  Bass's  Strait  Co  Ch\k  Portlatiil.  in 
Tasmania ;  from  thence  the  range  proceeds  in  a  KJg^ag  line  of  his;li 
and  picturesque  elevations  to  South  Cape,  where  it  ends,  haviiif;  a 
total  length  of  150<>  miles. 

Tho  distance  of  the  chain  from  the  sea  in  New  South  Wales  is 
from  50  to  100  miles,  but  at  the  3'2nii  parallel  it  receden  to  150,  yet 
soon  returns,  and  forms  the  wild  group  of  the  Corecudgy  I'eaks, 
from  whence,  under  the  names  of  the  Blue  Mountains  and  Australiiin 
Alps,  its  highest  part,  it  proceeds  in  a  general  southerly  direction  t<i 
the  land's  end. 

The  height  of  these  mountains  is  only  from  2400  to  4700  foet 
above  the  level  of  the  sea,  and  even  Mount  Kosciusko,  (he  loftiest 
of  the  Australian  Alps,  is  not  more  than  7285  feet  high  ;  yi't  its 
position  is  bo  favourable  that  the  view  from  its  snowy  ami  craggy 
top  sweeps  over  an  area  of  7000  square  miles.  The  nigged  and 
savage  character  of  these  mountains  far  exceeds  what  might  be 
expected  from  their  height :  ill  some  places,  it  is  true,  their  to|>s  arc 
rounded  and  covered  with  forests ;  hut  by  far  the  greater  part  of 
the  chain,  though  wooded  along  the  flanks,  is  crowned  by  naked 
neeilles,  serrated  peaks,  and  flat  crests  of  granite  or  porjihyn', 
mingled  with  patches  of  snow.  The  spurs  give  a  terrific  character 
to  these  mountains,  and  in  many  places  render  them  altogether  in- 
accessible, both  in  Kew  South  Wales  and  Tasmania.  These  shoiit 
right  and  left  from  the  axis  of  the  main  range,  equal  to  it  in  height, 
and  Ecjiarated  from  it,  and  from  each  other,  by  dark  and  almost 
subterraneous  gullies,  like  rents  in  the  bosom  of  the  earth,  iron- 
bound  by  impracticable  precipices,  with  streams  flowing  through 
them  in  black  silent  eddies  or  foaming  torrents.  The  intricate  cha- 
racter of  those  riiviues,  the  danger  of  descending  into  thein,  and  the 
difficulty  of  getting  out  again,  for  a  long  time  rendered  this  moun- 
tain chain,  in  New  t^outh  Wales  at  least,  almost  an  iin|«sRable 
harrier  between  the  country  on  the  coast  and  that  in  the  interior,' 
In  New  South  Wales  the  country  slo])es  westward  from  these 
a  towards  a  flat,  low,  unbroken  plain.     On  the  K.,  dark, 

<  Memoin  of  Conat  StrzeleckL 
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vexdanty  roand-topped  hills  and  ridges  are  proniiHcuously  grouped 
together,  leading  to  a  richly  wooded  undulating  country  which 
gradually  descends  to  the  coast  and  forms  the  valuable  lands  of  the 
British  colony.  Discovered  by  Cook  in  the  year  1770,  it  was  not 
ooloDized  till  1788,  and  since  that  time  the  Austmlian  colonics  that 
have  been  established  have  risen  to  the  most  unprecedented  pros- 
perity; they  contain  a  million  and  a  half  of  inhabitants;  the  ex- 
ports in  1866  amounted  to  neiirly  20  millions  of  jwiinds  sterling; 
and  they  took  in  that  year  more  tlian  II  millions  worth  of  British 
proiluce :  they  administer  their  own  laws,  and  the  princijial  towns 
have  their  house  of  representatives.  On  the  Australian  continent 
there  are  five  colonies.  On  the  E.  there  are  Quecnshuul,  which  in- 
cludes the  whole  of  the  north-eastern  i^irtion ;  New  South  Wales, 
the  oldest  settlement,  lyincj  S.  of  Queensland  and  N.  <»t'  the  Murray 
River ;  and  Victoria,  which  occupies  the  south-eastern  comer,  and 
lie*  S.  of  the  Murray,  and  E.  of  14P  E.  long.  South  Australia  had 
for  itu  eastern  and  western  boundaries  132°  and  141°  E.  long.,  and 
for  its  northern  limit,  lat.  20°  8.  In  1803,  tlie  Iniundaries  of  the 
colony  were  extended  so  as  to  embrace  ail  the  territory  lying  north- 
ward of  26°  S.  and  iHJtwe^m  the  129th  and  13Sth  degrees  of  E.  long. 
Western  Australia  includes  all  that  jMirtion  of  New  Holland  situated 
westward  of  130°  E.  lung.  ;  but  only  a  small  area  in  the  southern 
part  of  this  di.strict,  around  Swan  Kiver,  is  occupietl ;  an  attempt 
lately  made  to  colonize  from  Swan  Kiver  the  tropical  ])«:»rtion  of  the 
colony  near  Brecknock  Harbour  has  for  the  present  faile<l. 

Sy<iney,  the  capital  of  New  South  Wales,  is  a  largo  handsome 
city,  which,  to;;ether  with  its  environs,  contains  ir>0,(.HK)  inhabit- 
ants. It  has  various  public  buildings  in  good  architectural  taste, 
and  contains  the  luxuries  and  comforts  of  EurojK'an  society.  It  is 
seven  miles  from  the  laud-locked  harbour  of  Port  Jacks<in,  and  the 
approach  to  it  is  pretty,  from  the  number  of  ornamental  villas  on 
Uie  banks  of  the  water  and  the  mixture  of  the  native  vegetation 
with  that  of  southern  Europe,  which  has  btM'n  largely  im|M)rted. 
Mulboiime,  the  capital  of  VictoriJi,  is  situated  on  the  Yarra  Yarra, 
a  river  which  tiows  into  Hobsou's  hav,  the  most  northern  ami  of 
Port  Phillij),  and  which  is  only  navigable  for  small  vessels.  The 
town  was  onlv  founded  in  1837  ;  but  it  is  estimated  to  contain  at 
l>resent  a  population  of  2r)0,0<X),  so  mpidly  have  the  gold-fields 
attnicteii  emigrants.  It  contains  many  handsome  public  buildings, 
and  its  botanic  garden  is  of  considrnible  imiK)rt:ince.  It  has  five  or 
six  museums,  a  public  libniry  of  40,(.)00  volumes,  a  <lozen  hos]iitals, 
and  a  university.  The  tt>wn  is  situatcMl  two  miles  by  land  from 
HoWm's  Day,  but  seven  or  eight  miles  by  the  river.  It^  jinrt  is 
Williamstown  on  Hubson's  I5ay,  and  on  the  shores  of  Port  l*hillip 
are  Brighton,  St.  Kilda,  and  other  ])laces,  which  are  almost  suburbs 
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to  Meiboume.  There  are  many  other  flourahing  and  populous  towns 
in  New  Soutli  Wales,  Victoria,  and  Queensland ;  the  iniprovcil 
navi^tion  uf  the  Murray  hae  tended  greatly  to  the  prosperity  of 
this  part  of  the  continent.  From  Spencer  Gulf,  which  hns  three 
excellent  harboura,  one  of  which  could  contain  the  whole  British 
navy,  that  river  has  been  navigated  for  26-'>0  miles,  and  it  is  esti- 
mated that  1150  more  may  be  added  by  the  improved  naviontion 
of  three  of  its  tributaries.  In  consequence  of  this  increased  water- 
carriage  many  new  towns  have  been  bnilt,  some  of  which  are  of 
considerable  size.  There  is  much  grass-land  in  this  district;  and 
if  artesian  wells  can  be  dug  in  the  vast  salt-bush  countries  still  un- 
occupied, a  prodigious  increase  of  cattle  and  sheep  might  be  main- 
tained. This  internal  navigation  extends  to  the  different  auriferous 
districts ;  and  as  ISOO  miles  of  it  lies  within  the  territory  of  New 
South  Wales,  it  unites  the  traffic  and  mutual  interests  of  three  of 
our  greatest  AustraUan  colonies. 

In  the  southern  half  of  the  continent  the  monntain  and  hilly 
ranges  are  called  the  Pyrenees  and  Grampians  in  Victoria,  the 
Flinders  Range  in  South  Australia,  and  the  Darling  Range  in 
Western  Australia.  Strong  westerly,  senerally  south-westerly,  or 
sometimes  north-westerly  winds  prevail  over  the  southern  part  of 
the  continent  during  the  greater  part  of  the  year,  and,  owing  to 
precipitation  of  rain  from  these  up  to  the  30th  jiarallel  of  S.  latitude, 
there  are  fertile  tracts  on  the  seaward  sides  of  the  mountains ;  but 
these  winds  in  passing  over  the  mountain-tops  are  drained  of  their 
moisture,  so  that  on  their  inland  sides  barren  wastes  prevail.  There 
is  a  comparatively  fertile  country  on  the  strip  of  land  W.  of  the 
Darling  Range,  which  is  from  3000  to  4000  feet  high :  it  is  a  grassy 
sroody  country,  and  rain  frequently  falls. 

Recent  explorations  of  the  interior  of  Australia  have  produced 
results  which  were  somewhat  unexpected.  Bturt's  journey  in  1843 
had  led  him  to  a  stony  desert  in  lat.  24°  S..  long.  13B°  E..  and  that 
of  Gregory,  from  the  N.W.,  to  a  sandy  desert  in  lat.  21°  S.,  long. 
128"  E.  Mr.  Eyre's  adventurous  journey  along  the  shores  of  the 
great  Australian  Bight  in  the  8.  had  showii  them  to  be  destitute  of 
fresh  water.  It  was  therefore  supposed  that  a  prcat  sandy  desert 
lay  in  the  interior.  But  explorations  of  the  N.  coast  showed  that 
many  rivers,  such  as  the  Albert,  Flinders,  Murchison,  (!rey,  Fitzroy, 
Roper,  and  Victoria,  rose  on  the  edge  of  a  sandstone  table-land,  and 
that  this  ridge  also  gave  rise  to  streams  which  flowed  towards  the 
interior.  Karly  efforts  to  cross  to  the  Gulf  of  Carpentaria  hail 
resulted  in  the  discovery  of  Cooper's  Creek,  now  called  the  Victoria 
or  Barcoo  River,  a  stream  which  has  been  traced  for  more  than  GOO 
miles,  and  which  has  a  south-westerly  course  towards  the  interior 
da  supposition  arose  that  the  rivers  draining 
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the  inner  edge  of  the  table-land  flowed  towards  a  great  interior 
lmkc»— ft  theory  which  was  even  older  than  that  of  the  desert. 

The  first  complete  traverse  of  the  continent  was  made  by  the 
ezplorera  Burke  and  Wills,  who  crossed  nearly  in  the  meridian  of 
142°  £.,  finding  creeks,  grassy  plains,  and  but  a  small  extent  of 
stony  desert.  Unfortunately,  on  their  return  towards  the  S.,  their 
provisions  ran  short,  they  missed  the  piirty  sent  to  their  relief,  and 
died  of  starvation  on  Cooper's  Creek,  their  journals,  however,  being 
preserved  by  King,  one  of  the  i>arty,  who  was  found  when  in  the 
last  stage  of  exhaustion.  M'Dougall  Stuart  made  several  journeys 
northward  from  Adelaide,  in  the  course  of  one  of  which  he  dis- 
covered Central  Mount  Stuart,  and  found  hills,  grassy  flats  fit  for 
flheep-farms,  and  water  either  in  creeks  or  easily  to  l)c  obtainini  by 
digging.  The  eastern  half  of  what  was  considered  the  central 
desert  has  been  crossed  three  times  by  Stuart,  also  by  Walker  and 
Landsborough,  and  McK inlay  pissed  from  South  Australia  by  way 
of  Carpentaria  to  Queensland,  drivinj^  a  flock  of  sheep  l»efure  liim. 
M'lntyro  and  others  have  also  traversed  the  continent ;  in  fact,  it 
has  become  quite  common  to  cross  from  the  ParrcH)  to  Caqx-ntaria. 

It  is  found  that  no  great  horse-shoe  lake,  such  as  Ijake  'J'orrens 
iras  imagined  to  be,  exists.  In  its  place  there  is  a  <{roup  of  lakes, 
KjTTC,  Gregory,  Torrens,  Frome,  &c.  I'he  basin  of  Lake  Eyre  is 
only  70  feet  alK)vo  the  sua-level.  The  general  confliiuratidu  of 
Australia,  in  fact,  is  that  of  a  ring  of  hi^h  land,  enclosing  a  vast 
interior  area  of  depression  hi  which  all  the  internal  drainage  is 
enclostnl  without  exit  to  the  sea. 

The  watershed  of  the  northern  part  of  the  continent  is  on  the 
edge  of  a  sandstone  ])lateau  which  nins  from  E.  to  W.,  and  is 
found  between  the  10th  and  22nd  parallels  of  S.  latitude.  In  the 
W.  this  edge  has  an  altitude  of  800,  and  in  the  E.  of  11)00  to  2000 
feet  alK)ve  the  sea.  On  the  coast  side  the  table-lan<l  is  abrupt,  and 
cleft  with  manv  beautiful  vallevs.  Rasalt  and  other  i«;neous  rocks 
are  sometimes  found  jirotniding  through  the  sandstone,  and  where 
this  is  the  cas<»,  the  soil  is  (jf  great  fertility.  To  the  N.  of  the 
plateau  are  long  grassy  flats,  sometimes  woixUnl ;  and,  succeeding 
these,  there  are  fretjuently  mangrove  swami>s,  where  the  rivers 
reach  the  sea.  The  table-land  itself  is  rather  bare,  and  thv  great 
south-wcHtem  sIoih?,  b<?tween  185'^  and  l-lo'^  K.,  abounds  in  dividing 
ridjies  (»f  sandstone,  which,  when  broken  up,  present  a  desert-like 
apiH'a ranee,  thou;;h  sometimes,  and  most  frwiueutly,  g(Hid  grass, 
fine  soil,  and  gum  forest  are  found.  The  rivers  which  n\u  north- 
ward from  the  ]»lateau  flow  in  well-defined  lie<ls  ;  but  those  that 
flow  southward  have  shallow  In'ds,  and  are  subject  to  b«»th  excessive 
inundation  and  evaporation  at  ditVerent  times  of  the  year.  TYm 
watercourses  of  the  interior  drain  to  the  IJarcoo.     Some  break  up 
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into  innumerable  creeks  and  rills  without  definite  direction.  Bourke 
Creek,  in  lat.  25°  S.,  lonj^.  140°  E.,  often  causes  immense  inunda- 
tions. The  stony  deserts  where  they  occur  seem  to  be  tlie 
result  of  inundations,  whose  waters,  when  dried  by  rapid  evajx)- 
ration,  leave  the  ground  bare.  Of  the  western  jmrt  of  the  centre  of 
Australia,  almost  nothing  is  known.  It  will  be  a  field  for  future 
explorers. 

While  the  sun  is  N.  of  the  equator,  in  the  winter  of  the  southern 
hemisphere,  the  winds  are  from  the  S.E.  all  over  the  northern  part 
of  the  continent  with  little  and  only  occasional  rain.  These  winds 
are  the  regular  trades.  But  in  October  and  November,  the  wind 
changes  to  the  north-westerly  monsoon,  and  brings  with  it  rain. 
The  monsoon  shifts  back  to  the  S.E.  in  April.  In  January, 
February,  and  March,  the  heavy  falls  of  rain  and  the  soaked  state 
of  the  soil  give  rise  to  the  inundations  in  the  neighbourhood  of 
Bourke's  Creek. 

One  of  the  results  of  Mr.  Gregory's  very  interesting  expedition  in 
North  Australia  is  the  discovery  of  a  table-land  of  sandstone  of  no 
great  elevation  that  runs  along  the  northern  coast  from  Cambridge 
Gulf  to  the  Gulf  of  Carpentaria,  where  it  sinks  down,  its  highest 
part  being  S.  of  Port  Essington.  This  is  part  of  the  ring  of  higher 
land  which  forms  the  circumference  of  the  Australian  interior.  It 
is  traversed  by  the  rivers  Adelaide,  Roper,  and  Alligator ;  and  the 
river  Victoria  extends  to  a  considerable  distance  into  the  interior, 
and  runs  through  a  fertile  region  of  more  than  3,000,000  of  acres  of 
the  finest  pasture  land,  which  may  in  future  become  a  flourishing 
British  colony.  The  land  at  the  Gulf  of  Carpentaria  is  fit  for  the 
cultivation  of  cotton  and  other  tropical  productions.  Burkctown 
has  been  founded  at  the  bottom  of  the  gulf;  and  an  establish- 
ment on  Sweer  s  Island  has  been  commenced.  The  energy  of  the 
Australians  does  honour  to  the  Anglo-Saxon  race  in  the  perilous 
and  disinterested  journeys  of  discovery  they  have  made  under  the 
greatest  privation  and  diCBculty. 

However  impropitious  the  centre  of  the  continent  may  be,  there 
is  abundance  of  fine  country  inland  from  the  coast.  All  tropical 
productions  might  be  raised,  and  in  so  large  a  continent  there  must 
be  extensive  tracts  of  arable  land,  though  its  peculiar  character  is 
pastoral.  N.  of  Sydney,  and  in  Queensland  up  to  the  KUh  degree 
of  S.  latitude,  both  cotton  and  silk  are  produced,  as  well  as  wines  of 
excellent  quality  ;  and  the  higher  land  parallel  to  the  coast  is  occu- 
pied by  sheep  and  cattle  farmers  nearly  to  the  Gulf  of  Carpentaria. 
There  are  large  forests  on  the  mountains  and  elsewhere,  yet  that 
moisture  is  wanting  which  clothes  other  countries  in  the  same 
latitudes  with  rank  vegetation.  In  the  colonies  the  clearing  of 
a  great  extent  of  land  has  modified  in  some  degree  the  mean  annual 
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temperature,  so  that  the  climate  has  become  hotter  and  drier,  and 
not  thereby  improved. 

§  2.  Tasmania,  of  triangular  form,  has  an  area  of  24,000  square 
miles,  and  is  very  mountainous.  No  country  has  a  greater  number 
of  deep,  conmiodious  harbours,  which  occur  in  the  N.,  S.E.,  and  S. 
coasts;  and,  as  most  of  the  rivers,  though  not  navigable  to  any 
distance,  end  in  anns  of  the  sea,  they  afford  secure  anchorage  for 
ships  of  any  size.  The  mountain-chain  that  traverses  the  colony 
of  New  South  Wales  and  Fumeaux  Island  in  Bass's  Strait  rises 
again  from  Cai)e  Portland,  and,  winding  through  'i'asmania  in  the 
form  of  the  letter  Z,  separat<^  it  into  two  nearly  equal  i)art«,  with 
a  mean  height  of  3750  feet,  and  at  an  average  distance  of  40  miles 
from  the  sea.  It  encloses  the  basins  of  the  Derwent  and  Huon 
Rivers,  and,  after  sending  a  branch  between  them  to  Hobart  Town, 
ends  at  South  Cape.  Its  highest  point  is  Mount  Humboldt,  in  the 
S.W.,  5520  ft.  The  mountains  of  the  W.  are  almost  entirely  unex- 
plored ;  but  snow-capped  peaks  are  seen  among  them.  The  offsets 
which  shoot  in  all  directions  are  as  savage  and  full  of  impassable 
chasms  as  the  range  itself.  Frightful  precipices  occur.  One  in  Ben 
Lomond  has  a  jxjrpendicular  depth  of  3000  feet.  There  are  culti- 
vable plains  and  valleys  along  the  numerous  rivers  and  large  lakes 
by  which  the  country  is  well  watered ;  so  that  Tasmania  is  more 
agricultural  and  fertile  than  the  adjacent  continent,  but  its  climate 
is  wet  and  cold.  The  uncleared  soil  of  both  countries,  however,  is 
far  inferior  to  that  in  the  greater  part  of  North  or  South  America.^ 

§  3.  Granite  constitutes  the  entire  base  of  the  western  portion  of 
New  South  Wales,  and  extends  far  into  the  interior  of  the  continent, 
bearing  a  striking  resemblance  in  character  to  a  similar  portion  of 
the  Altai  chain  described  by  Baron  Humboldt.  The  central  axis 
of  the  mountain-range,  in  New  South  Wales  and  in  Tasmania, 
is  of  granite,  syenite,  and  quartz  rock  ;  but  in  early  times  there  had 
been  great  invasions  of  volcanic  substances,  as  many  parts  of  the 
main  chain,  and  most  of  its  ofl'sets,  are  of  the  older  Plutonic  rocks. 
The  fossiliferous  strata  of  the  two  colonies  are  mostly  ot  the  Pala?o- 
zoic  period,  but  their  fossil  fauna  is  [MM)r  as  regards  the  nuhilxT  of 
s])ccies.  Some  are  identical  with,  and  others  are  re])resentatives  of, 
those  of  other  countries,  even  of  England.  There  is  an  unbroken 
range  of  clift*  from  200  to  500  feet  high  of  horizontal  tertiary  strata, 
which  stretches  from  Southern  Australia  to  Western  Australia  with- 
out a  single  valley  or  watercourse.  As  the  fiat  country,  wherever 
it  has  been  traversed,  is  of  the  same  structure,  it  is  presumed  that 
the  low  country  throughout  the  interior  of  the  Australian  continent 
consists  of  horizontal  tertiary  beds,  which  are  all   more   or  less 
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porous ;  the  limestone  strata  are  tolerably  thin  and  intcrstratified 
with  beds  of  sand.  It  appears,  from  the  flora  of  the  coal  formation 
of  these  countries,  that  the  vegetation  was  as  distinct  from  that  of 
the  northern  hemisphere  at  the  carboniferous  period  as  it  is  at  the 
present  day. 

The  richness  of  the  gold  alluvium  at  the  foot  of  the  Australian 
Alps  has  changed  the  character  of  New  South  Wales  from  that  of  a 
thinly  peopled  pastoral  coimtry  to  one  of  the  most  rising  and 
flourishing  colonies  that  has  sprung  from  the  Anglo-Saxon  race. 
As  early  as  1844  Sir  R.  Murchison  predicted  that  Australia,  from 
the  similarity  in  direction  of  its  mountain-chains,  and  of  its  rocks, 
with  those  of  the  Ural,  then  recently  explored  by  him,  would 
become  one  day  a  gold-producing  country,  but  no  one  could  have 
foreseen  its  excessive  richness.  Both  the  chains  in  question,  in 
those  parts  where  gold  is  found,  consist  of  metamorphic  strata,  of 
schist,  sandstones,  and  limestones  of  the  PalaBozoic  age,  traversed  by 
igneous  rocks.  But  they  differ  in  this  respect,  that,  while  in  the 
Ural  the  gold  only  exists  on  the  eastern  or  Siberian  side,  in  the 
Australian  Alps  it  is  on  the  western.  Specimens  were  occasionally 
brought  to  Sydney  by  shepherds  and  labouring  men,  and,  as  s<:x)n 
as  it  was  known  that  gold  was  to  be  found  in  large  quantities, 
multitudes  flocked  to  Australia  from  every  quarter,  and  to  such  an 
extent  had  the  search  been  carried  that,  in  the  year  1852,  the 
province  of  Victoria  yielded  gold  to  the  value  of  8,375,128/.  In 
addition  to  this,  in  the  same  year.  New  South  Wales  returned 
the  amount  of  2,212,534/.,  making  in  all  in  one  yeai  from  Australia 
10,587,662/.  sterling.  In  1856,  gold  to  the  value  of  12,633,138/. 
was  found.  Since  then,  however,  the  supply  has  greatly  declined, 
and  in  1866  the  total  yield  from  Australia  was  only  6,857,223/. 
The  greater  part  was  from  the  alluvial  deposits  on  the  earth's 
surface,  which  had  been  spread  at  different  elevations  in  former 
periods  of  powerful  abrasion  by  water,  which  wore  away  the  auri- 
ferous rocks  and  scattered  their  treasures  on  the  surface  below. 
Very  large  masses  have  frequently  been  found,  but  generally  the 
gold  is  fnet  with  in  large  and  small  grains.* 

Tlie  principal  gold-fields  in  Victoria  are  the  Ballarat  district, 
W.  of  Melbourne ;  the  Beechworth  district,  in  the  valley  of  the 
Ovens ;  the  Sandhurst,  or  Bendigo  district,  N.  of  Mount  Alexander ; 
the  Maryborough  district,  between  the  Avoca  and  the  Loddon  ;  the 
Castlemaine  district,  around  Mount  Alexander  in  the  valley  of 
the  Campaspe  ;  and  the  Ararat  district,  round  Mount  Ararat  in  the 
Pyrenees,  to  the  N.W.  of  Ballarat. 

^  The  quantity  of  gold  brought  from  California  during  the  year  1857 
amounted  to  14,000,00^0/.  sterling. 
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Except  at  Ballarat,  the  gold  now  obtained  is  chiefly  got  by 
cruflhing  the  rock  in  which  it  is  contained.  The  Rev.  W.  B. 
Clarke,  an  excellent  geologist,  pointed  out  the  gold-fields  of  the 
Snowy  River,  which  descends  to  the  S.  from  the  high  Alps  at 
Mount  Kosciusko,  and  he  now  has  shown  that  a  gold-bearing 
country  exists  in  Queensland,  which  is  probably  not  less  than  900 
miles  in  length  from  S.E.  to  N.W.  The  CajH3  Kiver  Gold-field, 
about  200  miles  inland  from  the  seaport  town  of  Bowen,  is  worked 
by  a  considerable  number  of  miners. 

{  4.  lliough  the  innumerable  islands  that  arc  scattered  through 
the  ocean  and  seas  difier  much  in  size,  form,  and  character,  they 
have  been  grouped  by  M.  von  Buch  into  the  two  distinct  classes  of 
Continental  and  Pela^^ic  islands,  most  of  the  latter  beini;  either  of 
volcanic  or  coral  formation.  Continental  islands  are  long  in  pRtpor- 
tion  to  their  breadth,  and  follow  each  other  in  succession  along  the 
margin  of  the  continents,  as  if  they  had  been  formed  during  the 
elevation  of  the  mainland,  or  had  subsc(iuently  been  sei>aratod  from 
tC  by  the  action  of  the  sea,  and  still  mark  its  ancient  boundary. 
Iliese  islands,  which  follow  one  another  in  their  elongated  dimen- 
sions, generally  run  ])arallel  to  the  maritime  chains  of  mountains, 
and  are  mostly  of  the  same  structure,  so  that  they  suggest  the  idea 
of  a  submarine  portion  of  the  maritime  range  that  has  not  yet  com- 
pletely emerged  from  the  deep — or,  if  having  sunk  down,  has  not 
yet  disappeared  below  the  waves. 

America  offers  numerous  examples  of  this  kind  of  island.  On 
the  north-western  co;i8t  there  is  a  long  chain  uf  them,  beginning 
with  the  New  Norfolk  group  and  ending  with  Vancouver  Island,  all 
similar  and  i«irallel  to  the  maritime  chain.  Another  range  of  con- 
tinental islands  occurs  at  the  southern  extremity  of  America, 
extending  from  Chiloe  to  Cai>e  Horn,  evidently  an  exterior  range  of 
the  Patagonian  Andes,  and  the  southern  i)r(»longation  of  the  granitic 
or  coast-chain  of  Chile  ;  in  the  Gulf  of  Mexico,  the  ancient  margin 
of  the  mainland  Ls  marketl  by  the  curvetl  group  of  lN)rto  Rico, 
San  Domin;j;o,  Jamaica,  and  Cul>a,  which  nearly  joins  the  jienin- 
sula  of  Yucatan.  The  vari<Mis  islands  along  the  American  coast 
of  the  Polar  C-ccan  are  probably  the  shattered  fragments  of  the 
continent. 

The  old  continent  also  affords  inmmierable  exam]>les  ;  along  the 
whole  coast  of  Norway,  from  North  Cape  southwards,  there  is  a 
continuous  chain  of  rocky  islands  similar  and  (mrallel  to  the  great 
range  of  the  Scandinavian  Al{)s;  Great  Britain  itself,  with  the 
Hebrides,  Orkney,  and  Shetland  islands,  are  remarkable  instances  of 
continental  islands,  it  would  be  su^wrfiuous  to  mention  the  various 
in.stance8  which  occur  in  the  Mediterranean,  where  many  of  the 
islands  are  merely  the  prolongations  of  the  mountain-chains  of  the 
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mainland  rising  above  the  sea,  aa  Corsica  and  Sardiuia,  nhich  are 
an  afTuet  from  the  Maritime  Al)is. 

The  great  central  chain  of  Madagascar  and  its  elongated  fonn, 
parallel  to  the  mountains  and  south-eaatem  maipn  of  the  great 
African  table-land,  show  that  the  island  unce  formed  i>art  of  the 
continent.  Asia,  also,  abounds  in  similar  instances,  aa  Suuintni, 
Java,  and  the  Moluccas,  and  another  vast  chain  extends  along  the 
western  coast  from  Kormoaa  to  Kanitchatka. 

Pelagic  islands  have  risen  from  the  bed  of  the  ocean,  indcpeiul- 
ently  of  the  continents,  and  generally  far  from  land.  They  nre 
mostly  volcanic,  altogether  or  in  part ;  often  very  lofty  ;  sometiniw 
'  single,  and  frequently  grouped  together,  and  each  group  hau,  or  for- 
merly ban  had,  a  centre  of  volcanic  action  in  one  or  more  of  the 
islands,  round  which  the  others  have  been  formed.  Many  have 
craters  of  elevation,  that  is  to  say,  they  have  been  raised  up  in 
great  hollow  domes  by  the  internal  elastic  vapours,  and  have  either 
remained  so,  have  become  rent  at  the  surface  into  gigantic  fissures, 
or  have  collapsed  into  hallow  cupt^  when  the  [>ressure  from  Ixilow 
was  removed:'  a  conMiderable  number  have  active  vents. 

The  small  islands  and  gronps  scattered  at  enormous  distancex 
from  one  another  within  the  Antarctic  Circle  are  all  of  volcanic 
formation,  though  none  are  active.  In  the  Atlantic,  Tristan  da 
Cunha,  Rt.  Helena,  Aacension,  and  Madeira  are  volcanic,  though  not 
now  actively  so;  whereas  the  Cape  de  Verds,  Canaries,  and  Ahtcs 
have  each  burning  volcanic  vents ; '  the  peak  of  Teyde,  in  Teneriffe, 
is  one  of  the  ntost  magnificent  vulcanic  cones  in  the  world. 

The  labyrinth  of  islands  scattered  over  the  Pacific  Ocean  for  more 
than  30  degrees  on  each  side  of  the  equator,  and  from  the  130th 
eastern  meridian  to  Sumatra,  which  all  but  unites  this  enormous 
archipeli^o  to  the  continent  of  Asia,  has  the  group  of  New  Zealuud 
and  the  continent  of  Australia,  with  its  appendage,  Tasmania,  on 
the  S.,  and  altt^ether  forms  a  region  which,  from  the  unstable 
nature  of  the  surface  of  the  earth,  is  partly  the  wreck  of  a  continent 
that  has  been  engulphcd  by  the  ocean,  and  jmrtly  the  summits  of  a 
new  one  rising  above  the  waves.  ITiis  extensive  [i-irtion  of  the 
globe  is  in  many  parts  lerra  inaxinita  with  regard  to  the  interior  uf 
the  islands,  but  is  becoming  every  day  less  bo. 

%  5.  New  ^.caland,  divided  into  three  islands,  North,  Ruulh, 
(Midd'e),  and  Stewart's  island,  by  rocky  and  dangerous  channels,  is 

■  H.  voa  Buch. 

•  These  two  laiC  ereups  of  islandfi  have  been  admirably  illuntrated,  bIdcp 
Ib4  publicatioD  ef  th«  fiKi  edition  of  this  work,  by  tbe  beautiful  charts  t,( 
CnptniDi  Arlett  and  Vidal,  publi>.hed  by  the  Admiralty  uoJer  the  late  Sir 
FntDcin  Beaufort'i  directioa.  Thev  nrc  ei^ually  interestiag  to  the  geologist 
ud  to  tht  oaiigalor. 
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■Qperior  to  AoBtralia  in  richness  of  soil,  fertility,  and  beauty ;  it 
abounds  in  a  variety  of  vegetable  and  mineral  productions.  High 
mountains,  of  volcanic  origin,  run  through  the  islands,  which,  in 
the  most  northerly,  rise  to  nearly  10,000  feet  alxjve  the  stormy 
ocean  around,  buried  two-thirds  of  their  hcij;ht  in  permanent  snow 
and  glaciers,  exhibiting  on  the  grandest  scale  all  the  Alpine  cha- 
racters, with  the  ad<lition  of  active  volcanoes  on  the  eastern  and 
western  coasts :  that  of  Tangariro  pours  forth  deluges  of  boiling 
water,  which  deposit  vast  quantities  of  silicious  sinter  like  the 
Greysers  in  Iceland ;  and  such  is  the  vitality  of  the  vegetation  that 
pbuits  grow  richly  on  the  banks  and  even  in  water  too  hot  to  be 
endured.  Broad  and  lofty  mountains  occupy  the  centre  of  North 
Island,  and  send  off  spurs  to  the  sea-coast.  These  spurs  are  densely 
wooded.  The  island  consists  of  a  main  body,  which  sends  off  four 
great  peninsulas,  the  most  northerly  of  which  is  nearly  cut  through 
by  Hauraki  Gulf  on  the  E.  and  Manakau  HarVwur  on  the  W.,  on 
the  narrow  isthmus  between  which  stands  Auckland.  S.  of  Tanga- 
riro  is  Huapahu,  the  highest  summit  in  the  central  range  (9000 
feet).  Mount  Egmont,  near  the  S.W.  comer  of  the  island,  is  an 
extinct  volcano,  whose  sunmiit  is  covered  with  snow,  and  whose 
flanks  are  clothed  with  magnificent  forests  ;  its  height  is  8840  feet. 
Ifount  Edgccumbe  towers  over  the  Iky  of  Plenty  to  a  height  of 
9630  feet.  The  scenery  is  of  extraordinary  grandeur  and  beauty. 
Many  of  the  streams  rise  in  lakes.  The  largest  lake  is  Taujx),  about 
36  miles  long  by  25  miles  broad.  It  gives  rise  to  the  Waikato 
River. 

South,  formerly  Middle  Island,  has  the  form  of  a  parallelogram, 
broken  by  the  great  projection  of  Banks'  Peninsula  on  the  E.  coast. 
It  is  traversed  by  a  chain  of  mountains  which  runs  much  nearer  to 
the  western  than  the  eastern  coast,  and  which  in  the  province  of 
Canterbury  reaches  its  greatest  altitude,  in  a  range  named  the 
Southern  Alps.  Here  Mount  Cook  towers  "  like  a  large  white  tent " 
to  a  height  of  13,200  feet,  presenting  a  si^ctacle  of  great  magnificence. 
Mount  Tyndall  is  over  11,000  feet  in  height ;  and  the  average  height 
of  this  portion  of  the  chain  is  more  than  10,000  feet.  Farther  to  the 
8.,  in  Otago  and  Southland,  the  mountains  rise  from  4000  to  9000 
feet ;  and,  as  the  snow-line  is  at  the  height  of  8000  feet,  many  of  these 
summits  are  cf)vered  with  perpetual  snow.  The  glaciers  of  .the 
Southern  Alps  are  very  grand,  they  descend  in  some  instances  to 
about  3000  feet  alx)ve  the  sea-level.  The  Tasman  Glacier,  the  largest, 
has  a  length  of  12  miles;  and  at  its  a^nniiial  face  (2772  feet  above 
the  sea-level)  its  breadth  is  13  mile.  I'here  are  many  others  of 
great  extent;  on  the  slopes  of  Mouyt  Forbes  large  glaciers  are 
situated,  which,  after  the  melting  of  the  snow  or  heavy  rains,  send 
down  two  waterfalls  800  feet  high.    A  series  of  lakes  of  ghicial 
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origin,  and  many  of  them  of  considerable  extent,  are  found  on  the 
eastern  slopes  of  the  mountains.  The  largest  of  these  are  Lakes  Te 
Anau  and  Wakatipu,  and  the  most  picturesque.  Lake  Pukaki. 
The  steep  slopes  are  on  the  western  side ;  on  the  eastern,  large 
lateral  chains  almost  as  high  as  the  main  chain,  run  N.  and  8. 
The  valleys  are  covered  with  dense  forests,  and  the  mountain  sides 
with  Alpine  and  sub- Alpine  vegetation.  Five  passes  Ixjtween  the 
eastern  and  western  coasts  have  been  explored,  the  lowest  ])eing  the 
Haast  Pass,  1716  feet  in  elevation.  The  routes  by  Arthur  Pass 
(3038  feet)  and  the  Harper  Pass  (3008  feet)  are  however  most  likely 
to  be  preferred,  as  they  are  shorter  than  that  by  the  Haast  Pass, 
are  not  often  obstructed  by  snow,  and  not  subject  to  avalanches. 
On  the  S.W.  coast  are  a  number  of  fiord-like  openings.  The  asjxsct 
of  the  coast  from  Dusky  Bay  to  Milford  Sound  is  gloomy  and  for- 
bidding in  the  extreme,  with  steep  black  mountains,  rising;  abruptly 
from  the  water's  edge. 

New  Zealand  has  some  fine  harbours,  which  are  chiefly  found  on 
the  eastern  coasts  of  the  islands.  It  has  much  good  land,  and  tlu* 
grains,  fruits,  and  timber-trees  of  England  flourish.  Ferns  and 
coniferae  abound.  The  kauri  or  yellow  pine  is  found  in  the  N.W. 
of  North  Island  ;  the  red,  black,  and  white  pines,  the  ironwtxxl,  the 
red,  black,  and  white  beeches,  are  among  the  native  timber  trees. 
Gold  is  worked  in  Auckland,  Nelson,  and  Otago  Provinces,  and  also 
on  the  W.  coast  of  Canterbury  Province,  at  Hokitika,  the  yield  in 
Otago  almost  rivalling  that  of  the  Australian  gold-fields.  Iron  is 
widely  distributed  ;  the  beach  of  Taranaki  (in  North  Island)  is  for 
miles  formed  of  fine  iron  sand.  The  climate  is  varied,  but  has  a 
greater  annual  rainfall  than  that  of  Great  Britain,  to  which  it  is 
sometimes  compared,  llie  direction  of  the  great  mountain-chain 
being  athwart  that  of  the  almost  constant  winds  from  the  Pacific, 
their  influence  on  the  climate  is  great.  They  break  the  force  of  the 
wind,  and  condense  the  moisture,  which  takes  the  form  of  snow  on 
the  high  summits.  Earthquakes  are  common  on  both  sides  of 
Cook's  Straits. 

New  Zealand  is  now  divided  into  nine  provinces,  Auckland, 
Taranaki,  Wellington,  and  Hawke's  Bay  in  the  North  Island, 
and  Nelson,  Marlborough,  Canterbury,  Otago,  and  Southland  in 
South  Island.  The  much  smaller  Stewart's  Island  is  uninhabited, 
and  many  think  uninhabitable.  It  has,  however,  several  safe 
harbours. 

A  very  dififerent  scene  from  the  stormy  seas  of  New  Zealand  pre- 
sents itself  to  the  N.  of  Australia.  There,  vivified  by  the  glowing 
sun  of  the  equator,  the  islands  of  the  Indian  Archipelago  are  of 
matchless  beauty,  crowned  by  lofty  mountains,  loaded  with  aromatic 
verdure,  that  shelve  to  the  shore  or  dip  into  a  transparent  glassy 
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Their  coasts  are  cut  by  deep  inlets,  and  watered  by  tlie 
purest  streams,  which  descend  in  cascades,  rushing  through  wild 
crevices.  The  whole  are  so  densely  covered  with  palms  and  other 
forms  of  tropical  vegetation  that  they  seem  to  realize  a  terrestrial 
paradise. 

§  6.  Papua,  or  New  Guinea,  the  largest  island  in  the  Pacific  after 
Australia,  is  nearly  1400  miles  long  and  400  broad  in  its  widest  [)art, 
with  mountains  rising  above  mountains,  till  in  the  W.,  capjjed  with 
snow,  they  attain  the  height  of  16,000  feet.  From  its  jKjsition  so 
near  the  equator  it  is  probable  that  New  Guinea  has  the  same  ve;^e- 
tation  with  the  Spice  Islands  to  the  W.  It  aj^pears  to  be  every- 
where covered  with  luxuriant  forests,  and,  from  the  little  that  is 
known  of  it,  must  be  one  of  the  finest  countries  in  existence. 
Storms  are  frequent ;  rain  falls  in  torrents ;  earthquakes  are  nire 
and  never  violent.*  The  Aru  Islands  lie  alxjut  200  miles  from  the 
south-western  coast  of  New  Guinea,  a  shallow  channel  lying  U'tween 
them.  'Ihe  group  consists  of  one  vory  large  island  in  the  centre, 
roonti  which  are  scatterwl  a  number  of  small  ones.  I'he  large 
Island,  Yana-busar  (the  main-land)  is  of  an  irregular  oblong  form, 
and  is  traversed  from  E.  to  \V.  by  three  narrow  channels,  which 
divide  it  into  four  portions.  The  channels  are  like  river-beds,  and 
Mr.  Wallace  considers  that  they  i)robably  were  so  when  the  islands 
formed  part  of  New  Guinea.  I'he  Am  Islands,  thou^zh  low,  have  an 
undulating  surface,  cut  here  and  there  into  deep  ravines.  The  rock 
everywhere  is  coralline  limestone,  from  the  cliffs  of  which  the  e<lible 
binls'  nests  of  Aru  are  taken. 

The  forests  are  inhabiteil  by  birds  of  jvanidise  and  a  ;zreat 
variety  of  cockatoos  and  lories.  The  mother-t)r-])earl  oyster,  an 
inferior  kind  of  pearl  oyster,  the  tripang,  a  8|>ecies  of  holothuria,  and 
the  shell  tortoise  are  found  on  an  extensive  btuik  on  the  eastern  side 
of  the  group,  and  the  fishing  for  these  is  the  chief  emjilnyment  cf 
the  natives,  who  of  all  the  Oriental  negroes  are  the  m(»st  d<K!ile  and 
industrious.  Some  are  Christians,  some  Mohammedans,  and  others 
are  heathens.  From  the  similarity  or  identity  of  plants  and 
animals,  man  include<l,  Mr.  Wallace,  to  whom  is  owing  the  i)re- 
ceding  infonnation,  thinks  that  the  Am  group  once  formed  part  of 
New  Guinea. 

§  7.  Borneo,  next  in  size  to  New  Guinea,  is  a  noble  island,  st» 
large  that  the  whole  of  the  Uritish  Islands  might  Ihj  set  down  in  it, 
and  would  be  even  then  surrouiuled  by  a  se^i  of  forest.  It  is  dividetl 
into  two  nearly  ecpial  pirts  by  the  equator,  and  tniverseil  tlin.mgh 
its  whole  length  by  chains  of  mountains,  Avhich  end  in  three 
branches  at  the  Java  Sea.     IJeantiful  rivers  tlow  from  them  to  the 
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plains,  and  several  of  these  are  said  to  spring  from  a  spacious  lake 
on  the  table-land  in  the  interior,  among  the  peaks  of  Keni-Balii, 
whose  absolute  elevation  is  estimated  at  13,000  or  14,000  feet.  No 
European  has  been  at  this  lake,  but  the  Malay  lake  is  known  to  be 
eight  leagues  long  by  four  broad,  and  situated  about  45  leajiues 
from  the  western  coast.  Borneo  is  covered  with  magnificent  prim- 
eval forest.  Among  the  vegetable  productions  of  this  island  are 
palms,  bamboos,  which  are  of  infinite  economical  service  to  the 
Dyaks ;  ferns  and  tree-ferns,  pitcher-plants,  numerous  orchids,  few 
of  which  have  conspicuous  flowers ;  the  mangosteen,  and  other  tropical 
fruits,  among  which  is  the  durian,  to  eat  of  which  "  is  a  new  sensa- 
tion, worth  a  voyage  to  the  East  to  experience.**  Rice  is  largely 
grown.  The  vast  forests  are  the  home  of  the  Orang-Utan,  an  animal 
which  is  confined  to  Sumatra  and  Borneo.  Many  of  the  mountains 
are  exceedingly  picturesque,  and  behind  Sarawak  is  "  a  most  beau- 
tiful country,  where  limestone  mountains  with  their  fantastic  forms 
and  white  precipices  shoot  up  on  every  side  draped  and  festooned 
with  a  luxuriant  vegetation."  Borneo  has  no  signs  of  recent  volcanic 
action,  and  earthquakes  are  entirely  unknown.  It  has  a  coast-line 
of  about  2000  miles,  with  few  bays  and  no  great  inlets,  and  its 
rivers  have  bars  at  their  mouths,  but  passing  these,  they  are  deep. 
One  of  them  has  been  navigated  by  a  Dutch  steamer  for  about  300 
miles.  As  yet  only  primary  and  secondary  formations  have  ibeen 
met  with,  but  the  mineral  riches  are  very  great.  Diamonds,  gold, 
iron,  antimony,  and  coal  are  among  its  minerals;  gums,  gutta- 
percha, and  all  kinds  of  spices  and  tropical  fruits,  are  among  its 
vegetable  productions. 

Situate  in  the  centre  of  a  vast  archipelago,  and  in  the  direct  line 
of  an  extensive  and  valuable  commerce,  it  will  in  the  course  of  time 
become  the  seat  of  a  great  nation,  whose  civilization  and  prosperity 
will  hand  down  to  posterity  the  name  of  the  late  enterprising, 
philanthropic  Sir  James  Brooke,  Rajah  of  Sarawak,  with  the 
highest  honour  to  which  man  can  aspire.  The  climate  is  healthy, 
tempered  by  sea-breezes,  and  in  some  parts  it  is  even  European ; 
the  small  island  of  Labuan  and  the  adjacent  coasts  of  Borneo,  being 
rich  in  coal,  and  situated  in  the  route  of  steam- vessels  between  India 
and  China,  exercise  a  very  great  influence  on  the  trade  between 
Europe  and  the  Celestial  Empire,  and  on  the  civilization  of  the 
barbarous  and  piratical  tribes  of  the  Eastern  Archipelago. 

The  little  known  and  curiously  shaped  island  of  Celebes  is  free 
from  volcanoes  in  its  southern  and  central  portions.  The  structure 
of  the  part  of  the  island  near  Macassar  is  interesting.  Limestone 
mountains  rest  on  a  basis  of  basalt,  which  occasionally  forms  low- 
rounded  hills  between  the  more  precipitous  portions.    Basalt  is 
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nearly  always  found  in  the  rocky  beds  of  the  streams,  and  over 
a  step  of  this  rock,  about  40  feet  high,  come  the  beautiful  falls 
of  the  Maros  River.  The  northern  part  of  the  island,  called  Mina- 
hasa,  has  groups  of  fine  volcanic  iKjaks  6000  or  7000  feet  high.  The 
country  is  very  beautiful ;  "  noble  i)alms  and  tree-ferns,  wooded  hills 
and  volcanic  peaks,  everywhere  meet  the  eye."  Large  coffee  planta- 
tions exist  in  the  district,  and  the  ^Hjople,  from  being  head-hunters, 
like  the  Dyaks,  are  rapidly  adopting  civilized  habits.  The  beau- 
tiful lake  of  Tondano  is  found  at  an  elevation  of  2000  feet,  and 
the  villages  round  it  enjoy  a  com|xiratively  t^mj^erate  climate. 
Hot  springs  and  mud  volcanoes  exist  not  far  from  the  lake,  and 
earthquakes  are  very  frequent. 

The  Malay  Archipelago  has  an  extent  of  more  than  4000  miles 
from  E.  to  W.,  and  of  about  1300  horn  N.  to  S.  Its  expanse 
is  equal  to  that  between  the  extreme  \V.  of  Europe  and  Central 
Adia.  Borneo  is  three  times  the  stze  of  Britain,  and  New  Guinea 
is  still  larger.  Sumatra  has  an  area  about  equal  U)  that  of  Britain ; 
Java,  Luzon,  and  Celebes,  are  each  alx)ut  the  size  of  Ireland. 
Eighteen  other  islands  are  each  as  large  as  Jamaica,  and  more  than 
100  are  as  large  as  the  Isle  of  Wight.  The  climate  is  uniform,  and, 
with  the  exceptions  of  Timor  and  the  adjacent  islands,  the  islands 
of  the  archipelago  are  clothed  with  forest  from  the  scii-level  to  the 
tops  of  the  highest  mountain  peaks.  Tlie  dryness  and  peculiar 
vegetation  of  Timor  are  probably  the  results  of  the  S.E.  monsoon 
from  Australia,  which  produces  atmusi)heric  conditions  that  make 
the  vegetation  and  physical  aspect  of  the  adjacent  islands  resemble 
its  own. 

A  shallow  sea,  under  50  fathoms,  connects  the  great  islands  of 
Sumatra,  Java,  and  Borneo,  with  the  Asiatic  continent ;  while 
another  shallow  sea  connects  New  Guinea  and  some  of  the 
adjacent  islands  to  Australia.  The  productions  of  the  islands 
thus  connected  are  similar,  and  in  many  cases  identical  with  those 
-of  the  adjacent  mainlands.  Between  these  regions  extends  a  sea 
whose  depth  is  nowhere  less  than  100  fathoms,  and  in  this  lie  the 
Moluccas,  Celebes,  and  the  islands  E.  of  Lombok  to  Timor.  All 
the  islands  E.  of  Celebes  and  Lombok  exhibit  almost  as  close  a 
resemblance  to  Australia  and  New  Guinea  in  their  natural  produc- 
tions as  do  the  western  islands  to  Asia.  1'he  islands  of  Bali  and 
Lombok,  closely  approximated  as  they  are,  are  the  places  where  the 
two  regions  meet  most  nearly,  but  are  yet  jxsrfectly  distinct.  Many 
of  the  islands  of  the  ArchiiKjlago  are  hardly  known ;  the  interior 
of  the  greater  number  has  scarcely  been  exi)lored  ;  so  that  they 
offer  a  wide  field  of  discovery  to  the  enteqirising  traveller,  and  they 
are  now  of  easier  access  since  the  seas  have  been  cleared  of  pirates 
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by  the  exertions  of  Sir  James  Brooke  and  the  officers  of  Her 
Majesty's  Navy.  The  travels  of  Mr.  A.  R.  Wallace  have  recently 
added  much  to  our  information  with  regard  to  this  archipelago ; 
and  New  Guinea,  "  the  greatest  terra  incognita  that  still  remains 
for  the  naturalist  to  explore,"  is  about  to  be  the  subject  of  exten« 
sive  research  at  the  expense  of  the  Dutch  government. 
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CHAPTER  XV. 


CORAL  rORlfATIOXP,   VOLCANIC   ACTION,    AKD   EARTHQUAKES. 

§  1,  DifTerent  kinds  of  coral  formations ;  atolls  or  lagoon  islands ;  encircling 
reefs;  barrier  reefs;  coral  reefs.  §  2.  Areas  of  subsidence  and  elevation 
in  the  bed  of  the  Pacific.  §  3.  Volcanic  islands;  Banda  and  Sunda 
groups ;  .lava ;  Sumatra ;  Japan,  &c.  §  4.  Volcanic  action  on  the  Andean 
shore  of  the  Pacific  §  5.  Volcanic  region  of  the  Red  Sea.  §  6.  Volcanic 
action  on  the  great  continent.  §  7.  Active  volcanoes;  number  and 
general  description.  §  8.  Earthquakes;  localities  subject  to  them;  re- 
searches of  Mr.  Mallet ;  volcanic  action  in  Great  Britain.  §  9.  Probable 
causes  of  earthquakes ;  various  kinds  of  earthquakes.  §  10.  Change  in 
the  level  of  land  arising  from  earthquakes. 

§  1.  It  is  a  sinj^ular  circumstance,  arisinj;  from  the  instalnlity  of  the 
crust  of  the  earth,  that  most  of  the  smaller  trojncal  jwlagic  islands 
in  the  Pacific  and  Lulian  Oceans  are  either  volcanic  or  coralline ; 
and  it  is  a  startling  fact  that  in  most  cases  where  tliere  are  vol- 
canoes the  land  is  rising  by  slow  and  almost  impercej>tihle  degrees 
alx)ve  the  ocean,  whereas  there  is  every  reason  to  believe  that  tliose 
vast  spaces  studded  with  coral  islan<ls  or  atolls  arc  actually  sinking 
below  it,  and  have  been  so  for  ages.' 

There  are  four  different  kinds  of  coral  formations  in  the  Pacific  and 
Indian  Oceans,  all  entirely  pnKluced  by  the  growth  of  organic  beings, 
and  their  detritus  ;  namely,  lagoon  islands  or  atolls,  encircling  reefs, 
barrier  reefs,  and  coral  fringes.  1'hey  are  all  nearly  confined  to  the 
troi)ical  zones ;  the  atolls  to  the  Pacific  and  Indian  Oceans  alone. 

An  atoll  or  lagoon  island  consists  of  a  chaplet  or  ring  of  coral, 
enclosing  a  lagoon  or  iM)rtion  of  the  ocean  in  its  centre.  The  average 
breadth  of  the  i»art  of  the  ring  a>>ove  the  surface  of  the  sea  is  about 
a  quarter  of  a  mile,  oftener  less,  and  it  seldom  rises  higher  than 
from  C  to  10  or  12  feet  akive  the  waves.  Hence  the  lagoon  islands 
are  not  discernible,  even  at  a  very  small  distance,  unless  when  they 
are  covered  with  the  coco-nut  ]:)alm,  or  the  j>andanus,  as  is  fre- 
quently the  case.  On  the  outer  side  this  ring  or  circlet  slielves 
down  to  the  distance  (»f  100  or  200  yanls  from  its  edge,  so  that  the 


*  Mr.  Darwin  on  Coral  Reefs. 
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sea  gradually  deepens  to  25  fathoms,  beyond  which  the  sides  plunge 
at  once  into  the  unfathomable  depths  of  the  ocean,  with  a  more 
rapid  descent  than  the  cone  of  any  volcano.  Even  at  the  small 
distance  of  some  hundred  yards  no  bottom  has  been  found  with  a 
sounding-line  a  mile  and  a  half  long.  All  the  coral  below  the 
surface  of  the  water  is  alive — all  alx)ve  is  deail,  being  the  detritus  of 
the  living  part,  washed  up  by  the  surf,  which  is  so  heavy  on  the 
windward  side  of  the  tropical  islands  of  the  Pacific  and  Indian  Oceans 
that  it  is  often  heard  miles  off,  and  is  frequently  the  first  warning  to 
seamen  of  their  approach  to  an  atoll. 

On  the  lagoon  side,  where  the  water  is  calm,  the  bounding  ring 
or  reef  shelves  into  it  by  a  succession  of  ledges,  also  of  living  coral, 
though  not  of  the  same  species  with  those  which  build  the  exterior 
wall  and  the  foundations  of  the  whole  ring.  The  perpetual  change 
of  water  brought  into  contact  with  the  external  coral  by  the  breakers 
probably  supplies  them  with  more  food  than  they  could  obtain  in  a 
quieter  sea,  which  may  account  for  their  more  luxuriant  growth. 
At  the  same  time,  they  deprive  the  whole  of  the  coral  iu  the  interior 
of  the  most  nourishing  part  of  their  food,  because  the  still  water  in 
the  lagoon,  being  supplied  from  the  exterior  by  openings  in  the 
ring,  ceases  to  produce  the  hardier  corals ;  and  species  of  more 
delicate  forms,  and  of  much  slower  growth,  take  their  place.  The 
depth  of  the  lagoon  varies,  in  different  atolls,  from  20  to  50 
fathoms,  the  bottom  being  partly  detritus  and  partly  live  coral. 
By  the  growth  of  the  coral  some  few  of  the  lagoons  have  been  filled 
up ;  but  the  process  is  very  slow  from  the  causes  above  assigned, 
and  also  because  there  are  marine  animals  that  feed  on  the  living 
coral,  and  prevent  its  indefinite  growth.  In  all  departments  of 
nature  the  exuberant  increase  of  any  one  class  is  checked  and 
limited  by  others.  The  coral  is  of  the  most  varied  and  delicate 
structure,  and  of  the  most  beautiful  tints ;  dark  brown,  vivid  green, 
rich  purple,  pink,  deep  blue,  peach-colour,  yellow,  with  dazzling 
white,  contrasted  with  deep  shadows,  shine  through  the  limpid 
water;  while  fish  of  the  most  gorgeous  hues  swim  among  the 
branching  coral,  which  is  of  many  different  kinds,  though  all  com- 
bine in  the  structure  of  these  singular  islands.  Lagoon  islands  are 
sometimes  circular,  but  more  frequently  oval  or  irregular  in  their 
form.  Sometimes  they  are  solitary,  at  other  times  in  groups,  but 
they  occur  most  frequently  in  elongated  archipelagos,  with  the  atolls 
elongated  in  the  same  direction,  llie  grouping  of  atolls  bears  a  per- 
fect analogy  to  the  grouping  of  the  archipelagos  of  ordinary  islands. 

The  size  of  these  fairy  rings  of  the  ocean  varies  from  2  to  90 
miles  in  diameter,  and  islets  are  frequently  formed  on  the  submerged 
part  of  the  coral  rings  by  the  washing  up  of  the  detritus,  for  they 
are  so  low  that  the  waves  break  over  them  in  high  tides  or  storms. 
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They  have  openings  or  channels  in  their  circuit,  generally  on  the 
leeward  side,  where  the  tide  enters,  and  hy  these  Hhii)8  may  sail 
into  the  lagoons,  which  are  excellent  harbours,  and  even  on  the 
■urface  of  the  circlet  or  reef  itself  there  are  occasional  lioat-chaunels 
between  the  islets. 

Dangerous  Archipelago,  lying  E.  of  the  Society  Islands,  is  one  of 
the  most  remarkable  assemblages  of  atuUs  in  the  Pacitic  Ocean. 
There  are  80,  generally  of  a  circular  form,  surrounding  dooj)  lagoons, 
and  separated  from  each  other  by  very  deej)  channels.  1'lie  reefs  or 
rings  are  about  half  a  mile  across,  and  seldom  rise  more  than  10  feet 
above  the  edge  of  the  surf,  which  beats  uix)n  them  with  such 
violence  that  it  may  be  heard  at  the  distance  of  8  miles ;  and  yet 
on  that  side  the  coral  insects  build  more  vigorously,  an<l  vegetation 
thrives  better,  than  on  the  other.  Many  of  these  islets  are  in- 
habited. 

The  Caroline  Archipelago,  the  largest  of  all,  lies  N.  of  the  equator, 
and  extends  its  atolls  in  00  groui)s  over  1000  s(iuare  miles.  Many 
are  of  great  size,  and  all  are  beat  by  a  temix'stuous  sea  and  iK'ca- 
sional  hurricanes.  The  atolls  in  the  Pacific  Ocean  and  China  SSea 
are  beyond  enumeration.  Though  less  frequent  in  the  Indian  Ocean, 
none  are  more  interesting,  or  afl'ord  more  i)erfect  specimens  of  this 
peculiar  mode  of  fonnation,  than  the  Maldive  and  I^ccadive  Archi- 
pelagos, both  nearly  i>arallel  to  the  coast  of  Malabar,  and  elongated 
in  that  direction.  The  former  is  470  miles  long,  an<l  aln^ut  50  miles 
broad,  with  atolls  arranged  in  a  double  row,  sejMirate*!  by  an  un- 
fathomable sea,  into  which  their  sides  descend  with  more  than 
ordinary  rapidity.  The  largest  atoll  is  88  miles  long,  and  some- 
what less  than  20  broad  ;  Suadiva,  the  next  in  size,  is  44  miles  by 
23,  with  a  large  lagoon  in  its  centre,  to  which  there  is  access  by  42 
openings.  There  are  inhabited  islets  on  most  of  the  chaplets  or 
rings  not  higher  than  20  feet,  while  the  reefs  themselves  are  no- 
where more  than  six  feet  alx)ve  the  water's  e<lge. 

The  LaccadiA'es  are  situated  to  the  N.  of  the  latter  archijx^lago  in  a 
double  line  of  nearly  circular  atolls,  on  which  are  low  inhabitetl  islets. 
Encircling  reefs  differ  in  no  res|)ect  from  att>ll-reefs,  except  that 
they  have  one  or  more  islands  within  their  lagoon.  They  coumionly 
form  a  ring  round  mountainous  islands,  at  a  distance  of  two  or  three 
miles  from  the  shore,  rising  on  the  outside  from  a  ver>'  dee])  ocean, 
and  separated  from  the  land  by  a  lagoon  or  channel  200  or  300  feet 
deep.  These  reefs  surround  the  submarine  base  of  the  island,  and, 
rising  by  a  steej)  ascent  to  the  surface,  encirt^le  the  island  itself. 
The  Caroline  Archii^lago  exhibits  good  examples  of  this  structure 
in  the  encircled  islands  of  Hogoleu  and  Siniavin ;  the  narrow  ring 
or  encircling  reef  of  the  fonner  is  135  miles  in  its  very  irregular 
circuity  on  which  are  a  vast  number  of  islets  ;  six  or  eight  islands 
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rise  to  a  considerable  height  from  its  lagoon,  which  is  so  deep,  and 
the  opening  to  it  so  large,  that  a  frigate  might  sail  into  it.  The 
encircling  reef  of  Siniavin  is  narrow  and  irregular,  and  its  laoroon  is 
80  nearly  filled  by  a  lofty  island  that  it  leaves  only  a  strip  of  water 
round  it  from  two  to  five  miles  wide  and  30  fathoms  deep. 

Tahiti,  the  largest  of  the  Society  Group,  is  another  instance  of  an 
encircled  island  of  the  most  beautiful  kind ;  it  rises  in  mountains 
7000  feet  high,  with  only  a  narrow  plain  along  the  shore,  and, 
except  where  cleared  for  cultivation,  it  is  covered  with  forests  of 
coco-nut  palms,  bananas,  bread-fruit,  and  other  productions  of  a 
tropical  climate.  The  lagoon  which  encompasses  it  like  an  enor- 
mous moat  is  30  fathoms  deep,  and  is  hemmed  in  from  the  ocean 
by  a  coral  band  of  the  usual  kind,  at  a  distance  varying  from  half 
a  mile  to  three  miles. 

Barrier-reefs  are  of  precisely  the  same  structure  as  the  two  pre- 
ceding classes,  from  which  they  only  differ  in  their  position  with 
regard  to  the  land.  A  barrier-reef  off  the  N.E.  coast  of  the  con- 
tinent of  Australia  is  the  grandest  coral  formation  existing.  Rising 
at  once  from  an  unfathomable  ocean,  it  extends  1000  miles  along 
the  coast,  with  a  breadth  varying  from  200  yards  to  a  mile,  and  at 
an  average  distance  of  from  20  to  30  miles  from  the  shore,  increasinf; 
in  some  places  to  60  and  even  70  miles.  The  great  arm  of  the  sea 
included  between  it  and  the  land  is  nowhere  less  than  10,  occa- 
Hionally  60  fathoms  deep,  and  is  safely  navigable  throughout  its 
whole  length,  with  a  few  transverse  openings  by  which  ships  can 
enter.  The  reef  is  really  1200  miles  long,  because  it  stretches 
nearly  across  Torres  Strait.  It  is  interrupted  off  the  southern  coast 
of  New  Guinea  by  muddy  water,  probably  from  some  great  river 
on  that  island,  which  destroys  the  coral  animals.  There  are  also 
extensive  barrier-reefs  on  the  islands  of  La  Louisiade  and  New 
Caledonia,  which  are  exactly  opposite  to  the  great  Australian  reef ; 
and  as  atolls  stud  that  part  of  the  Pacific  which  lies  between  them, 
it  is  called  the  Coralline  Sea.  The  rolling  of  the  billows  along  the 
great  Australian  reef  has  been  admirably  described.  "  The  long 
ocean-swell,  being  suddenly  impeded  by  this  barrier,  lifted  itself 
in  one  great  continuous  ridge  of  deep  blue  water,  which,  curling 
over,  fell  on  the  edge  of  the  reef  in  an  unbroken  cataract  of  dazzling 
white  foam.  Each  line  of  breaker  ran  often  one  or  two  miles  in 
length  with  not  a  perceptible  gap  in  its  continuity.  There  was  a 
simple  grandeur  and  display  of  power  and  beauty  in  this  scene  that 
rose  even  to  sublimity.  The  unbroken  roar  of  the  surf,  with  its 
regular  pulsation  of  thunder,  as  each  succeeding  swell  fell  first  on 
the  outer  edge  of  the  reef,  was  almost  deafening,  yet  so  deep-toned 

as  not  to  interfere  with  the  slightest  nearer  and  sharper  sound 

Both  the  sound  and  sight  were  such  as  to  impress  the  spectator  with 
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the  consciousness  of  standing  in  the  presence  of  an  ovenvhelming 
majesty  and  power." ' 

Coral-reefs  are  distinct  fn»m  all  the  fore^roinff :  tliov  are  merelv 
fringes  of  coral  along  the  margin  of  a  shore,  and,  as  they  line  the 
shore  itself,  they  have  no  la<xo<.)ns.  A  vast  extent  of  C(.vist,  lx>th  on 
the  continents  and  islands,  is  fringetl  by  these*  reefs,  and,  as  they 
frequently  surround  shoals,  they  are  verj*  dangerous. 

Lagoon  islands  are  the  work  of  various  spivies  of  coral  animals ; 
but  those  particular  z<M)phytes  which  build  the  external  wall,  the 
foundation  and  support  of  the  whole  ring  or  reef,  are  most  vij»on>U8 
when  most  ex]X)8eil  to  the  breakers ;  they  cannot  exist  at  a  greater 
de])th  than  20  to  25  fathoms  at  most,  aud  die  immetliately  when 
left  dry ;  yet  the  coral  wall  descends  precipitc»usly  to  unfathomable 
depths;  aud  although  the  whole  of  it  is  not  the  work  of  these 
animals,  yet  the  i^erpendieular  thickness  of  the  coral  is  known  to 
be  very  great,  extending  hundreds  of  feet  below  the  depth  at  which 
these  i)olypi  cc«ise  to  live.  From  an  extensive  survey  of  the  Coral- 
line Seas  of  the  tropics,  Mr.  Danvin  has  found  an  explanation  of 
these  singular  i)henomena  in  the  instability  of  the  crust  of  the  earth.* 
{  2.  Since  there  are  certain  pr(H)fs  that  large  areas  of  the  dr\'  land 
are  gradually  rising,  and  others  sinking  down,  so  the  lH)ttom  of  the 
ocean  is  not  exempt  from  the  general  change  that  is  slowly  bringing 
about  a  new  state  of  things  ;  and  as  there  is  evidence,  on  nmltitudes 
of  the  volcanic  islands  in  the  Pacific,  of  a  rise  in  certain  ]>arts  of  the 
basis  of  the  ocean,  so  the  lag<x)n  islands  indicate  a  subsidence  in 
others —changes  arising  from  the  expansion  and  contraction  of  the 
strata  imder  the  b«l  of  the  ocean. 

There  are  strong  reasons  for  believing  that  a  continent  once  occu- 
pied a  great  part  of  the  Pacific,  within  the  tro])ics,  some  iM)rtion  of 
which  suUsided  by  slow  and  im|)crceptible  degrees.  As  ])jirts  of  it 
gradually  sank  down  below  the  surface  of  the  deep,  the  tojw  of 
mountains  and  table-lands  would  remain  as  islands  of  difterent 
magnitude  and  elevation,  and  would  fonn  archipelagos  elongated  in 
the  direction  of  the  mountain-chains.  Now,  the  coral  animals, 
which  constmct  the  outward  wall  and  mass  of  the  reefs,  never  build 
laterally,  and  cannot  exist  at  a  greater  depth  than  20  to  2')  fathoms. 
Hence,  if  they  began  to  lay  the  foundation  of  a  reef  on  the  sub- 
merged flanks  of  an  ishmd,  they  would  be  obliged  to  build  the  wall 

*  By  Mr.  Jukos,  Naturalist  to  the  Surveying  Voyage  of  Captain  Black- 
wood, R.X.,  in  Torres  Strait. 

*  During  the  American  dredgini;  ex|)edition  between  Florida  and  the  N.  of 
Coha,  live  corals  were  found  at  such  vatit  depths  ua  will  change  the  rereivud 
opinions  a.s  to  the  depth  at  wliich  reef-building  corala  may  work,  and  will 
modify  to  a  csrtain  extent  Darwin's  theory  of  reefs,  and  their  mode  of 
growth. — J,  Gicyn  Jtffreijn,  E«q. 
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upwards  in  proportion  as  the  island  sank  down,  so  that  at  len^h  a 
If^oon  would  be  formed  between  It  and  the  land.  As  the  «ul>- 
sidence  continued,  the  l^oon  would  increase,  the  island  would 
diminish,  and  the  base  of  the  coral-reef  would  sink  deeper  and 
deeper,  while  the  animals  would  always  keep  its  top  just  below  the 
surface  of  the  ocean,  till  at  length  the  island  would  entirely  dis- 
appear, and  a  (wrfect  atoll  would  be  left.  If  the  island  wore  monn- 
taJDOua,  each  peak  would  form  a  separate  island  in  the  lagoon,  and 
the  encircled  islands  would  have  different  forms,  which  the  reefs 
would  follow  continuously.  This  theory  explains  jxirfectly  tho 
appearances  of  the  lagoon  islands  and  barrier-reefs,  the  continuity 
of  the  reef,  the  islands  in  the  middle  of  the  lagoons,  the  different 
diatances  of  the  reefs  from  thera,  and  the  fonns  of  the  archipelaso, 
so  esactly  similar  to  the  archipel^os  of  ordinary  islands,  all  of 
which  are  but  the  tops  of  submerged  mountain-chains,  and  generally 
partake  of  their  elongated  fornis.' 

Every  intennediate  form  between  an  at«l!  and  an  encircling  reef 
exists :  New  Caledonia  is  a  link  between  them.  A  reef  nina  along 
the  north-western  coast  of  that  island  400  miles,  and  for  many 
leagues  never  approaches  within  eight  miles  of  its  shore,  the  dis- 
tance increases  to  16  miles  near  the  southern  extremity.  At  the 
other  end  the  reefs  are  continued  on  each  side  150  miles  beyond 
the  submarine  prolongation  of  the  land,  marking  the  former  extent 
of  the  island.  In  the  lagoon  of  Keeling  Atoll,  situate  In  the  Indian 
Ocean,  600  miles  S.  of  Stunatra,  many  fallen  trees  and  a  ruined 
Btote-house  show  that  it  has  subsided  :  these  movements  took  place 
during  the  earthquakes  at  Sumatra,  which  are  also  felt  in  this  atoll. 
Violent  earthquakes  have  lieeii  felt  at  Vanikoro  (celebrated  for  tho 
wreck  of  La  Pirouse),  a  lofty  island  of  the  Queen  Charlotte  group, 
with  an  encircling  reef  in  the  western  part  of  the  South  Pacific, 
and  on  which  there  are  marks  of  recent  subsidence.  Other  proofs 
are  not  wanting  of  this  great  movement  in  the  beds  of  the  Pacific 
and  Indian  Oceans. 

The  extent  of  the  atoll  formations,  including  under  this  name 

'  Another  theory  relative  lo  the  formation  of  the  Ugoon  isUnds  ia  that 
the  coral  circuit  is  but  the  edge  of  a  anbmariDe  elevatioD  crater,  on  which 
tbt  coral  aoimals  have  raivd  their  edifice.  This  view,  which  has  been 
adopted  hy  von  Buch  and  Captain  Beechey,  lo  whom  we  are  indebted  more 
than  to  any  other  navigator  for  positive  information  and  admirable  survcva 
of  the  coral  islanda  in  the  Pacific,  receiv«>  cormboration  from  the  perf«t 
oonfonnity  in  shape  between  many  of  (he  lagoon  ii^landa  of  the  Gamhier 

bgooD  island  having  been  seen  U)  rine  in  1825,  in  lat,  30°  14'.  accompanied 
with  inioke,  and  communicating  so  high  a  temperature  to  the  surrounding 
HI  a*  rendered  it  impooible  to  land.  See  Beecbey's  'Vojagea'  and 
Poppig*!  >  Heitt.' 
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the  encirclin'T  reefe,  is  enormous.  In  the  Pacific,  from  the  southern 
end  of  Low  Archipelago  to  the  northern  extremity  of  Marshall 
Archipelago,  a  distance  of  4500  miles,  and  many  dej;R»es  of  lati- 
tude in  hreadth,  atolls  alone  rise  above  the  ocean.  The  same  may 
be  said  of  the  sjMice  in  the  Indian  Ocean  between  Saya  de  Malha 
and  the  end  of  the  Laccadives,  which  inchnles  25*^  of  latitude — 
such  are  the  enonnous  areas  that  have  been,  and  prol)a}>ly  still 
are,  slowly  subsiding.  Other  sjmces  of  great  extent  may  also  he 
mentioned,  as  the  large  archipelago  of  the  Carolinas,  that  in  the 
Coralline  Sea  of  the  N.W.  coast  of  Australia,  and  an  extensive  one 
in  the  China  Sea. 

§  3.  Though  the  volcanic  islands  in  the  Pacific  are  so  numerous, 
there  is  not  one  within  the  areas  mentioned,  and  there  is  not  an 
active  volcano  within  several  huntked  miles  of  an  archiiK-^lago,  or 
even  group  of  atolls.  This  is  the  more  interesting  as  rwent  shells 
and  fringes  of  de.id  coral,  found  at  the  various  heights  on  their 
surfaces,  show  that  the  volcanic  islands  have  been  rising  more  and 
more  above  the  surface  of  the  ocean  f(;>r  a  vcrj'  long  time. 

The  volcanic  islands  also  occupy  i^irticular  zones  in  the  Pacific, 
and  it  is  found  from  extensive  observation  that  all  the  i)oint8  of 
eruption  fall  on  the  areas  of  elevation.* 

One  of  the  most  terribly  active  of  these  zones  begins  in  Morty 
Island,  to  the  KE.  of  Gilolo,  extends  southward  through  Gilolo, 
and  thence  by  Temate,  Tidore,  Makian,  Batchian,  Amboyna,  Banda, 
the  Serwatty  Islands,  Florcs,  Sumbawa,  Lombok,  Bali,  Java,  and 
Sumatra,  seimrated  only  by  narrow  channels,  and  altogether  fonuing 
a  curved  line  2000  miles  long;  but  as  the  volcanic  zone  is  con- 
tinued through  Barren  Islan<l  and  Narcondam,  in  the  Bay  of  Bengal, 
northward  through  the  islands  along  the  coast  of  Aracan,  the  entire 
length  of  this  volcanic  range  is  a  gre^it  deal  more.  During  the  last 
hundred  years  all  the  islands  and  rocks  for  100  miles  along  the 
coast  of  Aracan  have  been  gradually  rising.  The  greatest  elevation 
of  22  feet  has  taken  ])lace  al>out  the  centre  of  the  line  of  ui>hcaval, 
in  the  N.W.  end  of  the  island  of  Cheduba,  containing  two  mud 
volcanoes,  and  is  continued  through  Foul  Island  and  the  Terribles.' 

A  violent  volcanic  eruption  in  10-10  rent  ojx^n  the  island  of 
Makian,  and  left  a  huge  chasm  which  extended  into  the  heart 
of  the  mountain.  In  1800,  the  mountain  was  clothed  with  vegeta- 
tion to  its  summit,  and  contained  12  populous  villages.  After  215 
years  of  rest,  the  volcano  burst  forth  again  on  Decemlwr  29, 1862, 


•  Few  books  have  more  interest  than  Mr.  Darwin's  on  Coral  Rei'fs  and 
Volcanic  Islands,  to  which  the  author  is  much  imlebted.  Gmsult  also  the 
late  Admiral  Bcechey's  *  Voyages/  an<l  his  charts  of  the  Coral  Islands  in 
the  Pacific.  '  By  the  Nautical  Survey  in  1848. 
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altering  the  appearance  of  the  mountain,  destroying  the  inhabitants, 
and  sending  out  such  clouds  of  ashes  that  the  air  was  darkened  at 
Temate,  40  miles  off,  and  the  growing  crops  of  the  adjacent  islands 
were  destroyed. 

The  little  island  of  Gounong-Api,  belonging  to  the  Banda  Grouj), 
contains  a  volcano  of  great  activity;  and  such  is  the  elevating 
pressure  of  the  submarine  fire  in  that  part  of  the  ocean  that  a  mass 
of  black  basalt  of  such  magnitude  as  to  fill  a  bay  60  fathoms  dee]) 
rose  up  so  quietly  that  the  inhabitants  were  not  aware  of  what  was 
going  on  till  it  was  nearly  done.  Timor  and  the  other  adjacent 
islands  also  bear  marks  of  recent  elevation. 

There  is  not  a  spot  of  its  size  on  the  face  of  the  earth  that  con- 
tains so  many  volcanoes  as  the  island  of  Java.*  A  range  of  volcanic 
mountains,  from  5000  to  14,000  feet  high,  forms  the  central  crest  of 
the  island,  and  ends  to  the  E.  in  a  series  of  38  seixirate  volcanoes 
with  broad  bases,  rising  gradually  into  cones.  These  volcanoes  are 
chiefly  arranged  in  two  lines  :  one,  beginning  near  Cape  St.  Nicholas, 
the  north-western  extremity  of  the  island,  runs  diagonally  across 
to  the  south-western  headland  on  the  Strait  of  Bali ;  the  other, 
parallel  to  this,  extends  from  the  middle  of  the  Strait  of  Smida  to 
the  S.  coast  in  the  latitude  of  Cheribon.  They  all  stand  on  a  plain 
but  little  elevated  above  the  sea,  and  each  individual  mountain 
seems  to  have  been  formed  independently  of  the  rest.  Most  of  them 
are  of  great  antiquity,  and  are  covered  with  thick  vegetation.  Some 
are  extinct,  or  only  emit  smoke ;  from  others  sulphureous  vai)uurs 
issue  with  prodigious  violence ;  one  has  a  large  crater  filled  with 
boiling  water ;  and  a  few  have  had  fierce  eruptions  of  late  years. 
Regular  lava  streams  never  occur  in  Java.  The  island  is  covered 
with  volcanic  spurs  from  the  main  ridge,  united  by  cross  chains, 
together  with  other  chains  of  less  magnitude,  but  not  less  active. 

In  1772  the  greater  iMirt  of  one  of  the  largest  volcanic  moim tains 
was  swallowed  up  after  a  short  but  severe  combustion ;  a  luminous 
cloud  enveloped  the  moimtain  on  the  11th  of  August,  and  soon  after 
the  huge  mass  actually  disappeared  under  the  earth  with  tremendous 
noise,  carrying  with  it  about  90  square  miles  of  the  surrounding 
country,  40  villages,  and  2957  of  their  inhabitants. 

The  northern  coast  of  Java  is  flat  and  swampy,  but  the  southern 
provinces  are  beautiful  and  romantic ;  yet  in  the  lovely  peaceful 
valleys  the  stillness  of  night  is  disturbed  by  the  deep  roaring  of  the 
volcanoes,  many  of  which  are  perpetually  burning  with  slow  but 
terrific  action. 

Java  (with  Madura)  contains  about  38,500  geographical  square 
miles,  an  area  nearly  equal  to  that  of  England.     The  mountains  are 


'  Sir  Stamford  Raffles  on  Java. 
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clothed  to  tlieir  summits  with  luxuriant  vegetation;  and  their 
lower  slopes  are  covered  with  forests  and  plantations.  Above  8000 
feet,  many  plants  closely  allied  to  those  of  Europe,  are  to  be  found. 
The  tree-ferns  of  Java  form  a  very  distinguishing  feature  in  its 
vegetation.  Hundreds  of  square  miles  of  country  are  under  terrace 
cultivation ;  the  country  is  thickly  peopled ;  and  scattered  through- 
out the  island,  especially  in  the  eastern  ])art  of  it,  there  are  to  be 
found  the  remains  of  ancient  cities,  temj^les,  tombs,  and  statues, 
which  point  to  the  existence  of  an  advanced  civilization,  more  than 
400  years  ago. 

Separated  from  it  by  a  narrow  channel  of  the  sea,  Bali  is  but 
a  continuation  of  Java,  the  same  in  nature  and  structure,  but  on  a 
smaller  scale,  the  mountains  l)eing  little  more  than  8000  feet  high. 

Ix>mbok  and  Sumbawa  are  alike  in  structure.  They  are  moun- 
tainous and  volcanic.  The  intensity  of  the  volcanic  force  under 
this  part  of  the  Pacific  may  be  imagined  from  the  eruption  of 
Tomboro  in  Sumbawa  in  1815,  which  continued  from  the  5th 
of  April  till  July.  The  explosions  were  heard  at  the  distance  of 
970  miles  ;  and  in  Java,  at  the  distance  of  300  miles,  the  darkness 
during  the  day  was  like  that  of  deep  midiiijj;ht,  from  the  quantity 
of  ashes  that  filled  the  air :  they  were  carried  to  Bencoolen,  a 
distance  of  1100  miles,  which,  with  regard  to  distance,  is  as  if  the 
ashes  of  Vesuvius  had  fallen  at  Binuingham,  The  country  round 
was  ruined,  and  the  town  of  Tomboro  was  submerged  by  heavy 
rollers  from  the  ocean. 

The  mountains  of  Sumatra  rise  abruptly  from  its  western  coast. 
They  extend  for  hundreds  of  miles  in  ixirallel  ridges,  varying  in 
height  from  2000  to  5000  feet;  the  highest  peaks  reaching  an 
elevation  of  8000  to  10,000  feet.  The  elevated  longitudinal  valleys, 
which  are  capable  of  irrigation  and  cultivation,  are  well  |)eopled. 
The  eastern  side  of  Sumatra  is  flat  and  little  elevated.  The  rivers 
wind  through  the  level  eastern  i)lain,  and  form  extensive  deltas  at 
their  mouths.  The  most  imi)ortant  of  these  is  the  Palembang 
River,  which  is  navigable  for  200  miles  from  its  mouth.  Tlie 
country  is  covered  with  magnificent  forests. 

In  Sumatra  the  extensive  granitic  formations  of  Eastern  Asia 
join  the  volcanic  series  which  occuj)ies  so  large  a  jwrtion  of  the 
Pacific.  This  most  beautiful  of  islands  presents  the  boldest  aspect ; 
it  is  indented  by  arms  of  the  most  transparent  sea,  and  watered  by 
innumerable  streams ;  it  displays  in  its  vegetation  all  the  bright 
colouring  of  the  tropics.  Here  the  submarine  fire  iinds  vent  in  three 
volcanoes  on  the  southern,  and  one  on  the  northern,  side  of  the 
island.  A  few  atolls,  many  hundreds  of  miles  to  the  S.,  show  that 
this  volcanic  zone  alternates  with  an  area  of  subsidence. 

More  to  the  N.,  and  nearly  parallel  to  the  preceding  zone,  another 
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line  of  volcanic  islands  begins  to  the  N.  of  New  Guinea,  and  passes 
through  New  Britain,  New  Ireland,  Solomon  Islaniin,  and  tlie  Xew- 
Hebrides,  containing  many  open  venta.  This  range  or  area  of 
elevation  separates  the  Coralline  Sea  from  the  ^reat  cliiin  uf  it  Us 
on  the  N.  between  EUice  Group  and  the  Caroline  Inlands,  '^i  tint  it 
lies  between  two  areas  of  subsidence. 

The  third  and  greatest  of  all  the  zones  of  volcanic  islands  be"]]n 
in  North  Celebes,  200  miles  to  the  westward  of  the  first  belt,  and 
passes  bj  Siau  and  Sanguir  throngh  the  Philippine  Islamh  ind 
Formosa ;  bending  thence  to  the  N.E.,  it  passes  throuch  Loo-Chim, 
the  Japan  Archipelago,  and  is  continued  by  the  Kurilc  Ibl  iiid-i 
to  the  peninsula  of  Kamtchatka,  where  there  are  several  lolcanoca 
of  great  elevation. 

The  width  of  the  volcanic  belts  in  the  Mahiy  Archipelago  is 
about  50  miles ;  but  for  a  space  of  200  on  each  side  of  tbcin,  there 
are  evidences  of  subterranean  action  in  recently  elevated  coral  rock, 
or  in  barrier  coral-reefs,  indicating  recent  Bubraersion  Borneo, 
Mew  Guinea,  and  the  whole  of  Celebes,  except  the  eastern  end  of 
its  northern  peninsula,  are  uon- volcanic. 

That  long  chain  of  volcanic  islands  which  forms  the  enipR  of 
Japan  was  little  known  to  Europeans  until  recentl>  the  Dutch 
were  the  first  Europeans  who  had  any  intercourse  with  them ;  the 
United  States  have  a  commercial  treaty  with  them ;  and,  as  a 
result  of  treaties,  six  ports — Yeddo,  Hakodate,  Kanagawa,  Nagnsaki, 
Osaka,  and  Hiogo — are  now  open  to  the  British  ;  so  that  40  niillionfl 
of  new  people  are  brought  into  intercourse  with  Europe. 

The  Japanese  islands,  so  far  as  they  are  known  to  Europeans,  are 
mountainous,  spurs  of  the  principal  ranges  coming  in  places  close 
to  the  sea ;  and  hills  being  everywhere  prominent  features  of  the 
landscape.  "  All  level  ground  in  Japan,"  says  Sir  Butherford 
Alcock,  "  would  seem,  indeed,  but  circumseribwl  plains  or  valleys 
of  variable  dimensions,  in  great  contrast  to  the  dead  level  and  all 
but  boundless  plains  of  the  great  river  courses  of  China."  The 
mountain  scenery  is  extremely  picturesque,  the  hills  being  gonemlly 
clothed  to  the  summits  with  trees — many  of  them  of  the  family  of 
the  pines ;  and  their  lower  slopes  are  frequently  cultivated  in 
terraces.  Much  of  the  soil  is  exceedingly  fertile,  and  within  a 
hundred  miles  of  Yeddo  tt  consists  exclusively  of  dark  rich  mould. 
Homo  of  the  mountainous  districts  show  distinct  evidences  of  the 
volcanic  agency  which  is  bo  active  throughout  the  land;  and 
the  principal  mountain,  Fusiyama  (Rich  Scholar  Peak),  in  the  island 
of  Nippon,  la  a  volcano,  whose  latest  recorded  eruption  was  in  1707. 
Fusiyama  was  ascended  by  Sir  Rutherford  Alcock  and  his  party. 
The  flanks  of  the  mountain  ore  clothed  with  magnificent  forests  of 
oak,  pine,  and  beech ;    but  the  ascent  of  the  upper  half  of  the 


Ckap.  XV.  VOLCAKIC  ISLANDS.  177 

nyw^ft^JTi  was  over  lava  and  scoriae,  getting  more  rough  and  pre- 
cipitous as  the  summit  was  neared.  The  crater  is  a  i^roat  (.>val 
opening  about  1100  yards  in  length,  with  a  mean  width  of  000 
and  a  depth  of  350  yards.  The  estunatc<l  ]iciglit  of  tlie  crater 
above  the  sea-level  was  18,977  feet,  and  that  of  the  highest  ]K>ak, 
14,177  feet.  Fusiyama  is  a  sacred  mountain,  and  is  an  objeLt  of 
pilgrimages,  which  arc  |)erfonucd  in  July  and  August,  tlie  (.mly 
months  in  which  the  mountain  is  sufficiently  clear  from  snow  to 
allow  the  ascent  to  \ye  made.  This  great  jieak  forms  a  fine  object 
in  the  landscape,  and  can  be  seen  from  Yeddo.  Karthquakes  are 
extremely  common,  and  one  which  took  place  in  1783  rivalled  that 
of  Lisbon  in  its  destnictiveness.  Another  in  1854  did  much  damage 
in  Yeddo.  Hot  springs  are  common  ;  those  of  Atanii  were  visited 
by  Sir  R.  Alcock.  'llie  Lake  Uakoni,  a  fine  sheet  of  water  sur- 
rounded by  hills,  and  situated  at  an  elevation  of  G250  feet  al>ovc 
the  sea-level,  lies  N.  of  Fusiyama  in  a  beautiful  and  secluded  s|)ot. 
The  Japanese  are  skilful  agriculturists  an<l  gardeners.  Much  gniin, 
particularly  rice,  Ls  grown ;  and  great  care  is  bestowed  on  tlie  culti- 
▼ation  of  flowers,  for  which  the  people  have  a  jttssion.  Many  new 
plants  have  lately  been  introduced  into  this  country  from  Ja}>iiu. 
The  Ja|)ane.(M3  are  dexterous  manufacturers  in  the  metals,  are  clever 
draughtsmen,  and  make  excellent  maps  of  their  country.  The 
country  is  ricli,  and  the  ]>eoi)le  are  industrious  and  laborious,  clean, 
neat,  and  orderly. 

There  are  six  islands  E.  of  Jephix)n  in  the  Japan  Archipelago, 
"which  are  subject  to  eruptions,  and  the  int^»rnal  fire  breaks  through 
the  Kurile  Islands  in  18  vents,  l)esides  having  mised  two  new  islands 
in  the  beginning  of  this  century,  one  four  miles  round,  and  the  other 
3000  feet  high,  though  the  sea  there  is  m  deep  that  the  bottom  has 
not  been  reached  with  a  line  200  fathoms  long. 

Thus  some  Ion.;  rent  in  the  earth  has  extendeil  from  the  tropics 
to  the  gelid  seas  of  Okhotsk  and  the  ])eninsula  of  Kamtchatka :  a 
new  one  begins  to  the  K.  of  the  latter  in  the  Aleutian  Islanils,  which 
are  of  the  most  barren  and  desolate  aspect,  ix'r])etually  l>eaten  by 
the  surge  of  a  restless  ocean,  and  bristled  by  the  cones  of  li4  vol- 
canixis;  they  sweep  in  a  half-m(K)n  round  Ik'hring  Sea  till  they 
join  the  volcanic  peninsula  of  Aliaska. 

'ITie  line  of  volcanic  agency  has  Ixjcn  followed  far  Ix'vond  the 
limits  of  the  coral- working  animals,  which  extend  but  a  short  way 
on  each  side  of  the  tropics  ;  but  it  has  Ixjen  shown  that  in  the  equa- 
torial regions  inmiense  areas  of  elevation  alternate  with  as  great 
areas  of  subsidence :  X.  of  Australia  they  are  s  mixed  that  a 
point  of  convergence  is  indicated.* 

*  Darwin  on  Volcanic  Islands. 
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%  i.  On  the  other  side  of  the  Pacific  the  whole  chain  of  the  Andes, 
and  the  adjacent  islands  of  Juan  Fernandez  and  the  Galapai^os, 
foim  a  vast  volcanic  area,  which  is  actually  non  rising ;  and  tlioucrh 
there  are  few  volcanic  islands  N.  of  the  zone  of  atolls,  yet  thnsc 
that  be  indicate  great  internal  activity,  especially  in  the  Snudnich 
Inlands,  where  the  volcanoea  of  Hawaii  are  inferior  to  none  in  nwfiil 
sublimity.  That  of  Kilauea  (3970  feet  above  the  sea),  a  lateral 
crater  of  eruption  of  the  ^reat  central  volcano  of  Mauna  I»a,  wim 
soon  in  high  activity  by  Mr.  Douglas  in  1834,  subsequently  by 
Hr.  Dana,  and  in  March  and  April,  1868,  it  vomited  forth  torrents 
of  lava  which  devastated  the  southern  part  of  the  island.  Durins 
this  last  eruption  the  floor  of  the  crater  sank  some  hundreds  of 
feet  and  the  column  of  smoke  was  visible  at  Laliaina,  120  miles 
distant.  The  crater  is  more  than  three  miles  in  diameter,  fortii^i 
of  solidified  lava.  It  was  990  feet  deep  in  1651 ;  the  bottom  filled 
by  a  lake  of  liquid  lava,  in  furious  ebullition,  occasionally  K|>outln^ 
to  the  height  of  from  20  to  70  feet,  whence  streams  of  lava,  hurrying 
alonj!  in  fiery  waves,  were  finally  precipitated  down  an  ignited  arch, 
where  the  force  of  the  lava  was  partly  arrested  by  the  escajM!  of 
leases,  which  threw  back  huge  blocks  and  literally  spun  thorn  into 
threads  of  glass,  which  were  carried  by  the  wind  like  the  refuse  of  a 
flai-mill.  Mr.  Douglas  says  the  noise  could  hardly  be  described — 
that  of  all  the  steam-engines  in  the  world  would  be  a  whisiier  to  it ; 
and  the  heat  was  so  overpowering,  and  the  dryness  of  the  air  so 
intense,  that  the  very  eyelids  felt  scorched  and  dried  up.' 

There  are  great  volcanic  mountains  in  Hawaii :  Rohala,  9800  feet 
—Mauna  Kea,  13,953— Hnalalai,  11,020— and  Mauna  Loa,  IS.ToB 
— above  the  sea. 

The  Pacific,  which  contains  various  volcanic  areas  of  vast  extent 
and  intense  energy,  is  itself  the  moat  maguiticent  volcanic  basin  on 
the  globe.  Beginning  at  Graham's  Land  in  the  Antarctic  Ocean,  it 
passes  to  the  volcanoes  in  Tierra  del  Fue^o,  alon^  the  chain  of  the 
Andes,  the  Central  American  and  Mexican  volcanoes,  and  the 
scattered  chain  of  volcanoes  along  the  W.  coast  of  N.  America,  to 
Mount  St.  Elias,  in  60°  N.  at  the  northern  extremity  of  the  Pacific. 
From  Mount  St.  Elias  there  is  an  almost  unbroken  line  of  mountain 
and  volcano  in  the  Aleutian  Archipela;;o,  carried  down  through  tlii' 
};reat  elevated  peninsida  of  Kamtchatka,  the  Kurilc  Isles,  Jess». 
Japan,  the  Philippines,  and  to  the  N.  of  New  Guinea,  by  its 
volcanoes  and  those  of  New  Britain,  ihe  Solomon  Isles,  EL;mcnt, 
Kew  Hebrides,  New  Caledonia,  and  New  Zealand,  to  the  Antarctii- 
ice  again,  at  the  Ballcny  Islands  and  Buckle  Volcano,  iios«ibly  t>> 
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Victoria  Land.  In  this  enormous  circuit  the  elevated  ridge  of 
the^basin  is  of  vast  altitude  on  the  American  continent ;  but  on  the 
other  side  the  ridge  is  frequently  8ul)aqueou8,  only  risin;:;  into 
heights  at  intervals,  though  probably  continuous  throu<rhout. 

§  5.  At  the  head  of  the  lied  Sea,  between  the  12th  and  lOth 
parallelB  of  N.  lat.,  there  is  a  volcanic  region  covering  an  area  of 
10,000  square  miles  without  interruption,  which  is  perhaps  the 
third  or  fourth  in  extent  on  the  surface  of  the  earth.  The  Jebel- 
Tear  is  still  smoking,  and  one  of  the  Zugar  Islands  was  in  eruption 
in  1846.  The  volcano  of  Aden  has  l)een  submerged  and  elevated 
again  since  the  last  period  of  its  activity.' 

It  may  be  observed  that,  where  there  are  coral  fringes,  the  land 
is  either  rising  or  stationary ;  for,  were  it  subsiding,  lagoons  would 
be  formed.  On  the  contrary,  there  are  many  fringing  reefs  on  the 
shores  of  volcanic  islands  alon<^  the  coasts  of  the  Ked  Sea,  the  Per- 
sian Galf,  and  the  West  Indian  Islands,  all  of  which  are  rising. 
indeed  this  occurrence,  in  numberless  instances,  conicidcs  with  the 
existence  of  upraised  organic  remains  on  the  land. 

As  the  only  coral  fonnations  in  the  Atlantic  are  fringing  reefs, 
and  as  there  is  not  one  in  it^  central  expanse,  except  in  Bemmda,  it 
may  be  concludcil  that  the  IxkI  of  the  ocean  is  not  sinking ;  and 
with  the  exception  of  the  Leeward  Islands,  the  Canaries,  the  Azores, 
and  the  Cajje  de  Verd  groups,  there  are  no  active  volcanoes  in  the 
islands  or  on  the  coasts  of  that  ocean. 

§  6.  At  ])rosent  the  great  continent  has  few  centres  of  volcanic 
action  in  comparison  with  what  it  once  had.  The  Mediterranean  is 
still  undennined  by  fire,  which  occasionally  finds  vent  in  Vesuvius 
and  the  stately  cone  of  Ktna.  Though  Stroiul)oli  constantly  i)0urs 
forth  inexhaustible  showers  of  incandescent  matter,  and  a  t«ni]H>rar}' 
island  now  and  then  starts  u])  from  the  sea,  the  volcanic  action  has 
not  diminished :  Vesuvius  has  Wu  several  times  in  eniptiun  with- 
in the  last  few  years,  the  eruption  of  l)eceml)er,  1861,  having  nearly 
destroyed  the  jiopulous  town  of  Torre  del  Greco,  for  the  second 
time  in  a  century ;  and  the  activity  of  the  mountain  having  l)eeii 
great  ever  since  (180J)). 

The  table-land  of  Western  Asia,  especially  Azerbijan,  has  once 
been  the  seat  of  intense  commotion,  now  s])ent,  as  evidenced  by 
the  volcanic  jK*aks  of  the  Seiban  Dagh,  Ararat,  and  by  the  still 
smoking  cone  of  l)emaven<l. 

The  range  of  the  Tian-Shan,  or  Celestial  Mountains,  sup]x>seil  by 
llnniboldt  to  Ikj  volcanic,  have  been  shown  by  the  actual  research 
uf  M.  Semenof  to  have  no  volc^inoes,  an<l  to  be  destitute  of  typical 
volcanic  phenomena  and  even  of  volcanic  forms.    Sulphur  has  been 


»  Dr.  Buist. 
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found  issuing  from  some  fissures  in  the  fonn  of  vapour,  but  this 
may  be  accounteil  for  by  the  combustion  of  some  of  the  numerous 
coal-seams  that  exist  in  tlie  basin  of  the  Hi  lUver,  which  rises  in 
the  Tian-Shan,  and  flows  K.W.  into  Lake  Balkash.  In  the  range  of 
Tarbagatai,  in  the  country  of  the  Kirghiz,  there  is  a  mountain  said 
to  emit  smoke  and  even  flame,  which  produces  sulphur  and  salam- 
moniac  in  abundance.  The  group  of  hot  springs  near  the  salt  lake 
Kiook-Kiul  and  the  valley  of  the  Nubra,  discovered  by  the  brothers 
Schlagintweit,  in  1856,  during  a  journey  from  Ladak  to  Khotan 
across  the  Karakorum  chain,  shows  that  volcanic  action  still  exists 
to  the  S.  of  the  Tian-Shan,  and  that  the  Karakorum  is  probably 
a  volcanic  formation,  as  was  suspected  by  Humlwldt.  These  gen- 
tlemen were  the  first  Europeans  who  crossed  that  mighty  chain  of 
Central  Asia,  which  is  so  lofty  that  some  of  the  peaks  they  mea- 
sured were  24,000  feet  high.  It  is  not  ascertained  that  there  are 
any  mountains  in  China  that  eject  lava,  but  there  are  many  fire- 
hills  and  fire-springs ;  the  latter  are  real  Artesian  wells,  five  or  six 
inches  wide  and  from  1500  to  3000  feet  deep :  from  some  of  these, 
water  rises  containing  a  great  quantity  of  common  salt ;  from  others 
gases  issue :  and  when  a  flame  is  applied,  fire  rushes  out  with  great 
violence,  rising  20  or  30  feet  high,  with  a  noise  like  thunder.  The 
gas,  conducted  in  tubes  of  bamboo  cane,  is  used  in  the  evaporation 
of  salt  water  from  the  neighbouring  springs. 

§  7.  There  are  altogether  about  270  active  volcanoes,  of  which 
190  are  on  the  shores  and  islands  of  the  Pacific.^  They  are  gene- 
rally disposed  in  lines  or  groups.  The  chain  of  the  Andes  furnishes 
a  magnificent  example  of  linear  volcanoes.  The  Peak  of  Teneriffe, 
encompassed  by  the  volcanic  islands  of  Palma  and  Lanccrote,  is  an 
equally  good  sj)ecimen  of  a  central  group.  Eruptions  are  much 
more  frecjuent  in  low  than  in  the  more  elevated  volcanoes;  that 
in  the  island  of  Stromboli  is  in  constant  activity ;  whereas  Coto- 
paxi,  18,875  feet  high,  and  Tunguragua,  16,424,  in  the  Andes,  have 
only  been  active  once  in  a  hundred  years.  On  account  of  the  force 
requisite  to  raise  lava  to  such  great  elevations,  it  rarely  flows  from 
very  elevated  cones.  Antisana  is  the  only  instance  to  the  contrary 
among  all  the  lofty  volcanoes  of  Equatorial  America.  In  Etna, 
as  in  the  volcano  of  Hawaii  also,  the  pressure  is  so  great  that  the 


'  ''The  number  of  active  volcanoes  on  sea-coasts  and  in  islands  is 
probably  connected  with  the  agency  of  water  in  volcanic  operations.  The 
latest  chemical  observations  on  the  products  of  recent  eruptions  favour  the 
doctrine  that  large  bodies  of  salt-water  gain  access  to  the  volcanic  foci." 
Steam  or  aqueous  vapour  may  propel  lava  to  the  surface ;  and  ''  various 
f^ases,  rendered  liquid  by  pressure  at  great  depths,  may  aid  in  causing 
volcanic  outbursts,  and  in  Assuring  and  convulsing  the  rocks  during  earth- 
quakes."—LyelFs  *  Principles  of  Geology,*  10th  edition,  1868. 
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lavm  forces  its  way  through  the  sides  of  the  mountain,  or  at  the  base 
of  the  cone.  The  same  generally  happens  in  Vesuvius,  the  great 
IsYa  eraptions  being  chiefly  from  the  base  uf  the  cone. 

An  emption  begins  by  a  dense  vohimc  of  smoke  issuing  from 
the  crater,  mixed  with  aqueous  vapour  and  gases ;  tlicn  masses  of 
rock  and  molten  matter  in  a  half-fluid  state  are  cje4:ted  with  tre- 
mendous explosion  and  violence ;  after  which  lava  be;^ins  to  flow, 
and  the  whole  terminates  by  a  shower  of  ashes  from  the  crater — tjften 
the  most  formidable  part  of  the  phenomenon,  as  was  exjKirienccHl  at 
the  destruction  of  PomiMjii.    There  arc  several  volcaudcs  which  eject 
only  streams  of  boiling  water,  as  the  Volcano  de  Agua  in  Guate- 
mala; others  pour  forth  boiling  mud,  as  in  the  islands  of  Trinidad, 
Java,  and  Choduba  in  the  Bay  <if  Bengal.     A  more  feeble  elVort  of 
the  volcanic  force  appears  in  the  numerous  S(.)lfntaras.     Hot  s])nngs 
show  that  the  volcanic  Hre  is  not  extinguished,  though  not  other- 
wise apparent.    To  these  may  be  addeil  the  emanations  of  lx)racic 
acid,  in  a  gaseous  form,  acidulous  springs,  th(jse  v(  naphtha,  )H;tro- 
leum,  and  various  kinds  of  gas,  as  carbonic  acid,  the  fcKxl  of  plants 
— and,  when  breathed,  the  destruction  of  animals,  ius  is  fearfully 
seen  in  the  Guevo  Upas,  or  "Valley  of  Deaths  in  Java :  it  is  half 
a  mile  in  circumference  and  alwut  35  feet  deei),  with  a  few  large 
stones  and  not  a  vestige  of  vegetation  on  the  lH.>ttom,  which  is 
coTcred  with   the  skeletons  of  human  beings  and  the  lK)nes  of 
animals  and  birds  blanched  white  as  ivory.     On  approaching  the 
edge  of  the  valley,  which  is  situate  on  the  top  of  a  hill,  a  nauseous 
sickening  sensation  is  felt,  an<i  nothing  that  has  life  can  enter  its 
precincts  without  being  immediately  sutfocate<l.* 

The  seats  of  activity  have  been  jM»riK'tually  changing,  but  there 
always  has  been  volcanic  action,  |H)ssibly  more  intense  in  fonner 
times ;  but  even  at  present  it  extends  from  ]K>le  to  |K)le. 

§  8.  Notwithstanding  the  numerous  volcanic  vents  in  the  glol)e, 
many  places  are  subject  to  violent  earthquakes,  which  destroy  the 
works  of  man  and  often  change  the  configuration  of  the  countr}-. 
The  most  extensive  district  of  earthipiakes  comprises  the  Mtnliter- 
ranean  and  the  adjacent  countries,  Asia  Minor,  the  Caspian  Sea, 
Caucasus,  and  the  Persian  mountains.  A  gnyit  ])art  of  the  con- 
tinent of  Asia  is  more  or  less  subjcH^t  to  slux-ks ;  but  with  the 
exception  of  the  shores  of  the  Ked  Sea  an<l  the  nt^rthern  ]>arts  of 
BarbEiry,  Africa  is  entirely  free  from  these  tremendous  seourges ; 
and  it  is  singular  that,  notwithstanding  the  terrible  eartlupiakes 
which  shake  the  countries  west  of  the  Andes,  the  Andean  chain 
itself,  and  all  the  countries  nmnd  the  Gulf  of  Mexico  and  the 


'  Letter  fnun  Alux.  Loudon,  Y]st\.y  iu  tiie  *■  Juurnal  of  tiie  (leogr.iphical 
Society  of  London.' 
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Caribbean  Sea,  they  are  extremely  rare  in  the  grent  eastern  |>lains 
of  South  America.  Greenland,  t^pitzber«cn,  and  g;reat  jmrt  of 
Auatralia  also  seem  to  enjoy  itn  immunity  from  the  attacks  of 
earthquakes.  For  the  moat  put  the  shocks  are  tmnsinitted  in  the 
line  of  the  primniy  mountain-chains,  and  seem  often  to  be  limited 
by  them  in  the  other  direction.  'I'he  estuaries  of  the  Indus  and 
Ganges,  the  coasts  of  Siam  and  Eastern  China,  constitute  a  depressed 
continental  earthquake  mnge.  The  Pyrenees,  Apennines,  Bnlkan, 
and  Caucasus,  are  all  points  of  intensity  on  a  line  of  moimtaiiis 
interropted  by  seas  and  broad  valleys.  The  great  centres  of  earth- 
quake in  Europe  are  actively  volcanic — Hecla.  Vesuvius,  Ktna, 
and  San  tori  n. 

Mr.  Mallet,  in  his  most  interesting  work  on  earthquakes,  men- 
tions that  the  Scandinavian  peninsula  is  so  connected  with  Icel.'iiid 
by  the  bed  of  the  Northern  Ocean  that  no  marked  conviilfiinn  hap- 
pens in  the  one  without  being  felt  in  the  other.  "  Scandinavia, 
itself  one  of  the  most  remarkable  masses  of  land  in  slow  process  of 
elevation,  also  shows  its  connection  with  internal  action  ;  and  were 
it  not  that  Iceland  is  pierced  with  numberless  vents,  broken  and 
shattered  in  every  direction  by  volcanic  action  that  admits  of  no 
cessation  or  consolidation  above,  there  can  be  no  doubt  that  the 
destructive  power  of  earthquakes  would  bo  manifested  in  the 
northern  peninsula  to  a  far  more  serious  extent  and  intensity." 

There  must  be  some  singular  volcanic  action  connected  with 
Great  Britain  which  has  occasioned  255  slight  shocks  of  earthquake, 
of  which  139  took  place  in  Scotland,  the  most  violent  of  them 
having  been  felt  at  Comrie,  in  Perthshire,  in  1839 ;  of  the  rest  14 
took  place  on  the  borders  of  Yorkshire  and  Derbyshire,  30  in  Walvs, 
and  31  on  the  S.  coast  of  Enghind)  Mr.  Mallet  ascertained  that 
the  direction  of  the  wave  of  shock  of  the  earthquake  that  happened 
in  November,  1852,  was  mclined  to  the  horizon  at  an  an^le  of  25" 
or  30°;  and  assuming  the  origin  to  have  been  even  somewhere 
Iwtween  Great  Britain  and  Lisbon,  tbe  depth  of  the  focus  must  have 
been  very  great ;  that  earthquake  extended  over  the  greater  portion 
of  the  British  Isles,  the  maxlmiun  disturbance  on  the  surface  being 
about  Shropshire.  The  mean  direction  of  the  British  earthquakes 
probably  passes  through  the  focus  of  the  Lisbon  earthquakes  and 
that  of  the  Canary  Islands. 

§  9.  Earthquakes,  like  volcanoes,  are  the  result  of  the  dcvelo]>- 
ment  of  heat  and  chemical  action  at  various  depths  in  the  interior 
of  the  globe.  Fractures  and  sudden  heavings  and  subsidenccB  in 
the  flexible  crust  of  the  globe  result  from  the  pressure  of  the  liquid 
matter,  vapour,  and  gases,  in  its  interior.  "The  fiexibilily  of  cer- 
tain parts  of  the  earth's  crust,  aa  deduced  from  observations  on 
earthquakes,  may  imply  the  continuous  existence  of  vast  reservoirs 
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of  melted  matter  beneath  the  surface,  but  sucli  nevertheless  as 
might  hold  a  very  subordinate  place  in  the  earth's  crust.*'  ^    But 
whether  the  initial  impulse  he  eruptive,  or  a  sudden  pressure  u])- 
wanl«,  the  shock  originating  in  that  point  is  ])ro]ia<:;ated  througli 
the  eUuitic  surface  of  the  earth  in  a  series  of  circular  or  oval  undu- 
Utions,  similar  to  those  jiroduced  by  droppin;j;  a  stone  into  a  {xiot, 
and   like  them  they  lieconie  broader  and  lower  as  the  distantre 
increaaen,  till  they  gradually  suliside ;  in  this  manner  the  sluK'k 
traveb  through  tlie  land,  becoming  weaker  and  weaker  till  it  ter- 
miiiates.     When  the  impulse  begins  in  the  interior  of  a  continent, 
the  elastic  wave  is  ])ro[>agate<l  through  the  solid  crust  of  tlie 
earth,  as  sound  is  through  the  air,  and  is  tranHiiiittCHl  from  the 
former  to  the  ocean,  wIhtc  it  is  finally  sjxjnt  and  lost,  or,  if  very 
pf>werful,  is  continued  in  the  o]))K)site  land.     In  1854,  when  the 
Mwn  of  Yeddo  was  engulfed,  and  a  Russian  frigate  wrecked,  by 
the  tremendous  waves  that  rei^eatedly  rolleil  on  the  \yeac\i  of  the 
isiland  during  a  great  earthquake',  remarkable  waves  were  recorded 
to  liave  been  observed  on  the  coast  of  California  a  few  hours  after- 
wanls.     The  earthquake  of  lrt08,  which  was  so  destnictive  in  Peru 
and  Ecuador,  ruined  the  strip  of  land  at  the  western  f(K>t  of  the 
Andes,  from  Iburra,  in  Ecuador,  to  Iquique,  in  Peru,  1200  miles  in 
length,  levelled  to  the  ground  the  citie»  of  Arequi)>a,  Iquique,  Arica, 
and  Pasco,  destnjying  ]>roi)erty  of  the  worth  of  r»(),0(K\OUO  of  iwunds, 
and  20,000  lives.     The  earth  oi)eneii  in  all  the  plains  round  Are- 
quilia,  old  volcanoes  burst  forth,  and  where  Cotacaclii  stood  is  now 
a  lake.    The  wave  which  was  seen  from  Arica  to  roll  in  and  strike 
the  mole  to  pieces  came  pnibably  from  a  line  in  the  sea  )>arallel 
to  the  coast,  where  the   most  violent   subterranean    disturKince 
]iap|)ened.     From  this  tract  as  a  centre  the  slux'k  was  projjagated 
in  all  directions :  to  Australia,  New  Zealand,  the  Sandwich  Islands, 
and  California;  jtassing  in  its  course  over  one-fourth  of  the  cir- 
cuit— 6500  miles  by  measure — an<l  covering  in  surface  one-eighth 
of  the  area  of  the  glolie.    At  Arica  and  Iquitjue  the  eartlujuake  was 
observed  on  the  13th  of  August  at  5  v.u ;  the  water-wave  was 
felt  at  Chatham  Islands  on  the  15th  between  1  and  2  a.m.,  and 
im  the  coast  of  New  Zealand  at  3  or  4  a.m  ;  at  Sydney  it  occurred 
at   2*30  A.M. ;    at    llilo,   in    the    Sandwich   Islands,  it   was    felt 
on  the  14tli,   15th,  and    lOtli;  and  at   San  i'e<lro,  on  the  Cali- 
foniian  coast,  on  the  15th.     The  velocity  of  the  water-wave  in  a 
minute  was  al>ove   Uj    miles,  an<l  in  an  hour  aliove  400  miles. 
Many  of  the  great  earthquakes,  however,  have  their  origin  IxMieath 
the  Ixid  of  the  ocean,  far  from  land,  whence  the  shoi>ks  extend  in 
undulations  to  the  surrounding  shores. 

'   Lycll's  *  Prim- ij lies  of  (ieology,*  loth  eilition,  1JS08. 


184  PHYSICAL  GEOGRAPny.  CiiAr.  XV. 

From  observations  of  earthquakes  recorded  as  being  felt  at  sea, 
a  great  submarine  active  volcanic  area,  first  noticed  by  M.  Daussy, 
is  believed  to  exist  in  the  bed  of  the  Atlantic,  nearly  midway 
between  Cape  Palmas  on  the  west  coast  of  Africa  and  Cape  San 
Roque  on  the  coast  of  Brazil.  This  vast  disturlxjd  and  perhaps 
partially  igneous  ocean-floor  can  be  no  less  than  9°  in  len^itli  from 
W.  to  E.,  and  from  3°  to  4°  in  breadth  from  N.  to  S.  Within  this 
area,  equal  in  size  to  Great  Britain,  ships  have  been  violently 
shaken,  so  that  the  crew  thought  they  had  struck  on  a  rock,  but 
on  sounding  found  deep  water :  noises  have  been  heard,  tremblings 
felt ;  and  on  one  occasion  volcanic  ashes  or  cinders  were  found  on 
the  surface  of  the  sea  when  much  agitated.  This  is  an  object  of 
such  high  geological  interest  as  to  be  worthy  of  being  investigated 
by  deep-sea  sounding. 

No  doubt  many  shocks  of  small  intensity  are  impercei)tible  :  it  is 
only  the  violent  efforts  of  the  internal  forces  that  can  overcome  the 
pressure  of  the  ocean^s  bed,  and  that  of  the  superincumbent  water. 
The  internal  pressure  is  supposed  to  find  relief  most  readily  in  a 
belt  of  great  breadth  that  surrounds  the  land  at  a  considerable  dis- 
tance from  the  coast,  and,  being  formed  of  debris,  the  internal 
temperature  is  in  a  perpetual  state  of  fluctuation,  which  would 
seem  to  give  rise  to  sudden  flexures  and  submarine  eruptions. 

AVhen  the  original  impulse  is  a  fracture  or  eruption  of  lava  in 
the  bed  of  the  deep  ocean,  two  kinds  of  waves  or  undulations  are 
produced  and  propagated  simultaneously — one  through  the  bed  of 
the  ocean,  which  is  the  true  earthquake  shock ;  and  coincident  with 
this  a  wave  is  formed  and  propagated  on  the  surface  of  the  ocean, 
which  rolls  to  the  shore,  and  reaches  it  in  time  to  complete  the 
destruction  long  after  the  shock  or  wave  through  the  solid  ocean- 
bed  has  arrived  and  spent  itself  on  the  land.     The  sea  rose  50  feet 
at  Lisbon  and  60  at  Cadiz  after  the  great  earthquake ;  it  rose  and 
fell  18  times  at  Tangier  on  the  coast  of  Africa,  and  15  times  at 
Funchal  in  Madeira.     At  Kinsale  a  body  of  water  rushed  into  the 
harbour,  and  the  water  in  Loch  Lomond  in  Scotland  rose  two  feet 
four  inches — so  extensive  was  the  oceanic  wave.*    The  height  to 
which  the  surface  of  the  ground  is  elevated,  or  the  vertical  height 
of  the  shock- wave,  varies  from  one  inch  to  two  or  three  feet.     'J  his 
earth-wave,  on  passing  under  deep  water,  is   imperceptible,  but 
when  it  comes  to  soundings,  it  carries  with  it  to  the  land  a  long, 
flat,  aqueous  wave ;  on  arriving  at  the  beach,  the  water  drops  in 
arrear  from  the  superior  velocity  of  the  shock,  so  that  at  that  mo- 
ment the  sea  seems  to  recede  before  the  great  ocean-wave  arrives. 


*  Mitchell  on  the  Causes  of  Earthquakes,  Id  Philosophical  Transactions 
for  1760. 
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It  ifl  the  small  forced  wave  that  i^ivos  tlie  shock  to  ships,  and  not 
the  great  one ;  bat  when  ships  arc  struck  in  very  deep  water,  the 
centre  of  disturbance  is  either  immediately  under,  or  very  nearly 
onder,  the  vessel. 

Three  other  series  of  undulations  are  formed  sinmltaneously  with 
the  preceding,  by  which  the  sound  of  the  explosion  is  conveyed 
through  the  earth,  the  ocean,  and  the  air,  with  dili'erent  velocities. 
ITiat  thruu*:h  the  earth  travels  at  the  rate  of  from  7lMK>  to  10,000 
Ceet  in  a  second  m  lianl  rock,  somewhat  less  in  h.N>ser  materials, 
and  arrives  at  the  coast  a  short  time  before,  or  at  the  .same  nujment 
with,  the  shock,  and  pnMluces  the  hollow  sounds  that  arc  the  har- 
bingers uf  ruin;  then  foUows  a  continuous  succession  of  sounds  like 
the  lulling;  i)f  distant  thunder,  fonned,  first,  by  the  noise  ])roi)agated 
in  undulations  throu;t|jh  the  water  of  the  sea,  which  travels  at  the 
rate  of  4700  feet  in  a  second,  and,  lastly,  by  that  jiassinji;  throujrh 
the  air,  which  only  takes  jtlace  when  tiie  ori<^in  of  the  earthquake 
ifl  a  Bubniariue  explosion,  and  tnivels  with  a  velocity  o{  1123  feet 
in  a  second.  The  rolling  souiuls  precrede  the  arrival  of  the  preat 
oceanic  wave  on  the  coasts,  and  arc  continue<l  after  the  terrific 
catastrophe  when  the  eruption  is  extensive.* 

When  there  is  a  succession  of  shoi^ks,  all  the  phen<jmena  are 
rejH^ted.  Sounds  sometimes  occur  when  there  is  no  earthquake  : 
they  were  heard  on  the  plains  of  the  Aj)ure,  in  Venezuelji,  at  the 
moment  the  volcano  in  .St.  Vincent's,  7(X)  miles  olf,  diseharjjed  a 
stream  of  lava.  'J'he  bellowintrs  nf  (luanaxuato  aflord  a  siuji'ular  in- 
stance :  these  subterranean  noises  have  V)een  heard  for  a  m(»nth  un- 
interruptedly when  there  was  no  eartlujuake  felt  on  the  table-land 
of  Mexico,  nor  in  the  rich  silver-mines  1<)00  feet  below  its  surface. 

The  velocity  of  the  grcjit  oceanic  wave  varies  as  the  si^uare-rot^t 
of  the  depth ;  it  consequently  has  a  rapid  pro«^ress  tlin>U'ih  deep 
water,  and  less  when  it  reaches  to  soundings.  That  niisiMl  during 
the  earthquake  at  LislK»n  tmvelled  to  Itarbadoes  at  the  rate  of 
7*8  miles,  and  to  Portsmouth  at  the  rate  of  little  more  than  two 
miles  in  a  minute.  'Jhe  velocitv  of  the  shock  varies  with  the 
elasticity  of  the  strata  it  i>asses  throujjh.  The  undulations  of  the 
earth  are  subject  to  the  siime  laws  as  those  of  li>;ht  and  sound ; 
so,  when  the  sluick  or  earth-wave  passes  through  strata  of  different 
elasticity,  it  will  Ik?  ])artly  reflected,  and  a  wave  will  In?  sent  liack, 
producin;;  a  sh«x*k  in  a  contrary'  din*»ti«»n,  and   partly  refracted, 

*  ThuR,  when  an  (-nrthquake  iK'jrjns  uml^sr  tliv  tM'oan,  it  ocTasion*  five 
distinct  »eri>'s  of  wav(>>>  or  undulatinu.s,  all  <>f  whii:h  arc  stihjoi't  to  tiiv  8anie 
lawfc  of  motion,  naim.'ly,  the  earth-wav«.>,  tho  water-wavu,  aud  thrci^  other 
lerics  of  waves  arising  fronn  the  ]i;issai;o  of  thi^  soun<l  "f  the  <'xplofion 
thruutrh  the  air,  the  c^trth,  anil  the  wat*T.  For  the  laws  of  Sound,  SM 
'Connexion  of  the  I'hvsiral  Si.'ii'nce>,*  Mth  cditiuu. 

« 
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or  its  course  changed,  so  that  shocks  will  occur  both  upwards  and 
downwards,  to  the  right  or  to  the  left  of  the  original  line  of  transit. 
Hence  most  damage  is  done  at  the  junction  of  deep  alluvial  plains 
with  the  hard  strata  of  the  mountains,  as  in  the  great  earthquake 
in  Calabria  in  the  year  1783. 

When  the  height  of  the  undulations  is  small,  the  earthquake 
will  be  a  horizontal  motion,  which  is  the  least  destructive ;  when 
the  height  is  great,  the  central  and  horizontal  motions  are  combined, 
and  the  effect  is  terrible.  The  concussion  was  upwards  in  the  earth- 
quake which  took  place  at  Riobamba  in  1797.  Baron  Humboldt 
mentions  that  some  of  the  inhabitants  were  thrown  across  a  river, 
several  hundred  feet  in  height,  on  a  neighbouring  mountain,  'i'he 
worst  of  all  is  a  verticose  or  twisting  motion,  which  nothing  can 
resist ;  it  is  occasioned  by  the  crossing  of  two  waves  of  horizontal 
vibration,  which  unite  at  their  point  of  intersection,  and  form  a 
rotatory  movement.  This,  and  the  interferences  of  shocks  arriving 
at  the  same  point  from  different  origins  or  routes  of  different  length, 
account  for  the  repose  in  some  places,  and  those  extraordinary 
phenomena  that  took  place  during  the  earthquake  of  1783  in  Cala- 
bria, where  the  shock  diverged  on  all  sides  from  a  centre  through 
a  hip;hly  elastic  base  covered  with  alluvial  soil,  which  was  tossed 
about  in  every  direction.  The  dynamics  of  earthquakes  have  l>een 
ably  discussed  by  Mr.  Mallet  in  a  very  interesting  i)ai)er  in  the 
*  Transactions  of  the  Royal  Irish  Academy.* 

There  are  few  places  where  the  earth  is  long  at  rest,  for,  inde- 
pendently of  those  secular  elevations  and  subsidences  that  are  in 
progress  over  such  extensive  tracts  of  country,  small  earthquake 
shocks  must  be  much  more  frequent  than  we  imagine,  though  im- 
perceptible to  oiu*  senses,  and  only  to  be  detected  by  means  of 
instruments.  The  shock  of  an  earthquake  at  Lyons  in  February, 
1822,  was  not  generally  perceptible  at  Paris,  yet  the  wave  reached 
and  passed  under  that  city,  and  was  detected  by  the  oscillation  of 
the  large  declination  needle  at  the  Observatory,  which  had  pre- 
viously been  at  rest. 

The  undulations  of  some  of  the  great  earthquakes  have  spread  to 
an  enormous  extent.  The  movement  of  the  earthquake  of  1H68, 
which  has  been  referred  to,  was  felt  from  8°  S.  to  42°  S.,  and  at 
Juan  Fernandez.  The  earthquake  that  happened  in  1842  in  Guada- 
loupe  was  felt  over  an  extent  of  3000  miles  in  length ;  and  that 
which  destroyed  Lisbon  had  its  origin  in  the  bed  of  the  Atlantic, 
from  whence  sh6cks  extended  over  an  area  of  about  700,000  square 
miles,  or  a  twelfth  part  of  the  circumference  of  the  globe  :  the 
West  Indian  Islands,  and  the  lakes  in  Scotland,  Norway,  and 
Sweden,  were  agitated  by  it.  In  linear  distance  the  effects  of  that 
earthquake  extended  through  300  miles,   the  shocks  were  felt 
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through  a  line  of  2700  miles,  and  the  vibrations  or  tremors  were 
perceptible  in  water  through  4000  miles.  It  be^^an  without  warning, 
and  in  five  minutes  the  city  was  a  lieap  of  ruinH. 

The  earthquake  of  Calabria,  in  I78;i,  which  completely  changcil 
the  &ce  of  the  country,  only  lasted  two  minutes ;  it  was  not  very 
extensive,  yet  all  the  towns  and  Yilla;;es  for  22  miles  roimd  the 
small  town  of  Oppido  were  utterly  niine<l.  The  destniction  is 
generally  accomplished  in  a  fearfully  short  time  :  the  earthquake 
at  Caraccas,  in  March,  1812,  consisted  of  three  shoi^ks,  wliich  lasted 
three  or  four  seconds,  seimratcd  by  such  short  inten'als  that  in  50 
seconds  10,000  people  perished.  Karon  Humboldt's  works  are  full 
of  interesting  details  on  this  subject,  e8iK>cially  with  regard  to  the 
tremendous  convulsions  in  South  America. 

Sometimes  a  shock  has  been  perceived  underground  which  was 
not  felt  at  the  surface,  as  in  the  year  1802,  in  the  silver-mine  of 
Marienberg,  in  the  Harz.  In  some  instances  miners  have  been 
insensible  to  shocks  felt  on  the  surface  above,  which  ha]>pened  at 
Fahlun,  in  Sweden,  in  1823— circumstances  in  Iwth  instance*  de- 
pending on  the  elasticity  c»f  the  strata,  the  depth  of  the  im])nlse8, 
or  obstacles  that  may  have  chaimed  the  course  of  the  terrestrial 
undulation.  During  earthquakes,  dislocations  of  strata  take  place, 
the  course  of  rivers  is  changed,  and  in  some  instances  they  have 
been  permanently  dried  up ;  rocks  are  hurleil  down,  masses  raised 
up,  and  the  configuration  of  the  country  altered ;  but  if  there  be  no 
fracture  at  the  point  of  original  im])ulse,  there  will  l>e  no  noise. 

§  10.  The  power  of  the  earthquake  in  raising  and  depressing  the 
land  has  long  Iwen  well  known,  but  the  gradual  and  almost  imper- 
ceptible change  of  level  through  inmiense  tnvcts  of  the  glol>o  is 
altogether  a  recent  discovery  ;  it  has  been  ascrilnid  to  the  ex]^nsion 
of  rocks  by  heat,  and  subsequent  contraction  by  the  retreat  of  the 
melted  matter  from  Mow  them.     It  is  not  at  all  improliable  that 
there  may  be  motions,  like  tides,  ebbing  and  flowing,  in  the  internal 
lava,  for  the  changes  are  by  no  means  contineti  to  those  enormous 
elevations  and  subsidences  that  apjiear  to  Ik?  in  progn»ss  in  the 
Ixisin  of  the  Pacific  and  its  coasts,  nor  to  the  Andes  and  the  great 
plains  E.  of  them — ct)uutries  for  the  most  iKirt  subject  to  earth- 
quakes ;  they  take  j»lace  to  a  vast  extent  in  regions  where  these 
convulsions  are  unknown.   There  seems  UtW  an  extnn)rdinarv  llexi- 
bility  in  the  crust  of  the  glolx;  from  the  "»4th  or  ooth  parallel  of  N. 
latitude  to  the  Arctic  Ocean.     There  is  a  line  crossing  Swedt-n  fnmi 
E.  to  W.  in  the  iwrallel  of  5«)°  <)'  N.  lat.  ahmg  which  the  ground  is 
])erfectly  stable,  and  has  l)een  so  for  CL-nturies.     To  the  N.  of  it  for 
1000  miles,  Ix'tween  (iottenburg  and  North  CaiH*,  the  ground  ia 
rising ;  the  maximum  eU'vatitm,  which  takes  i»lace  at  N<^rth  Cape, 
iKjing  at  the  rate  of  five  feet  in  a  century.     At  Gefle,  \H)  miles  N. 
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of  Stockholm,  it  is  about  two  or  three  feet  in  a  century,  and  from 
thence  it  gradually  diminishes  to  six  inches  in  a  century  at  Stock- 
holm. S.  of  the  line  of  stability,  on  the  contrary,  the  land  is  sink- 
ing through  part  of  Christianstad  and  Malmo,  for  the  village  of 
Stassten,  in  Scania,  is  now  380  feet  nearer  to  the  Baltic  than  it  was 
in  the  time  of  Linnaeus,  more  than  100  years  ago,  by  whom  it  was 
measured.  The  coast  of  Denmark  on  the  Sound;  the  island  of 
Saltholm,  opposite  to  Copenhagen;  and  that  of  Boriiliolm,  are 
rising,  the  latter  at  the  rate  of  a  foot  in  a  century.  The  coast  of 
Memel  on  the  Baltic  has  actually  risen  a  foot  and  four  inches 
within  the  last  40  years,  while  the  coast  of  Pillau  has  sunk  down 
an  inch  and  a  half  in  the  same  period.  The  W.  coast  of  Denmark, 
part  of  the  Faroe  Islands,  and  the  W.  coast  of  Greenland,  are  all 
being  depressed  below  their  former  level.  In  Greenland  the  en- 
croachment of  the  sea,  in  consequence  of  the  change  of  level,  has 
submerged  ancient  buildings  on  the  low  rocky  islands  and  on  the 
mainland.  The  Greenlander  never  builds  near  the  sea  on  that 
account,  and  the  Moravian  settlers  have  had  to  move  inland  the 
poles  to  which  they  moor  their  boats.  It  has  been  in  progress  for 
four  centuries,  and  extends  through  600  miles  from  Igalito  Firth  to 
Disco  Bay.*  Mr  Robert  Chambers  has  shown  that  in  our  own 
country  the  land  has  been  for  ages  on  the  rise,  and  that  the  parallel 
roads  in  Glen  Roy,  which  have  so  long  afforded  matter  of  discussion, 
are  merely  margins  left  by  the  retreat  of  the  water,  as  the  land 
alternately  rose  and  remained  stationary.  In  the  present  day  the 
elevation  is  going  on  in  many  places,  especially  on  the  Moray  Firth 
and  in  the  Channel  Islands.  The  notice  of  this  curious  subject  of 
the  gradual  changes  of  level  in  the  land  has  been  chiefly  revived  by 
Sir  Charles  Lyell,  in  whose  very  instructive  works  on  geology  all 
the  details  will  be  found.* 


»  Captain  Graah's  Survey  in  1823-4,  and  Dr.  Pingel,  1830-2. 

•  Lyell's  *  Principles  of  Geology.'  See  also  Mr.  Darwin's  observations  on 
the  same  subject,  in  the  *■  Voyage  of  the  Adventure  and  Beagle ; '  M. 
Domeyko,  *  Sur  les  Lignes  d'ancien  Niveau  de  rOeean  du  Sud,  aux  Environs 
de  Coquimbo,'  Annates  des  Mines,  1848;  and  for  nn  illustration  of  the 
whole  of  this  chapter,  the  maps  of  active  volcanoes,  of  volcanic  phenomena, 
and  earthquakes,  in  Keith  Johnston's  Physical  Atlases. 
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CHAPTER    XVI. 

THE   ARCTIC   AND   AXTABCTIC   REQIOXP. 

§  1.  Arctic  lands.  §  2.  Greenland.  §  3.  Spitzbergen;  temperature  oi 
the  Arctic  regions.  §  4.  Iceland ;  plain  of  ice  ;  volcanic  phenomena ;  the 
Geysers ;  fiords ;  climate  ;  islands  of  Jan  Mayen  and  New  Siberia.  §  5. 
Antarctic  lands ;  Victoria  continent ;  Mount  Erebus ;  ice-bound  character 
of  the  coast. 

§  1.  The  continent  of  North  America  seems  to  have  been  much 
shattered  and  broken  up  by  the  Polar  Ocean  into  a  vast  number  of 
Irag^ments  of  great  size,  all  bearing  more  or  less  the  severe  character 
of  Arctic  lands.  It  may  be  that  the  land  is  sinking  down  or  rising 
up,  for  in  either  case  apiwarances  would  be  the  same,  but  the 
cUmate  would  improve  in  the  first,  and  would  be,  if  possible,  more 
rigorous  in  the  second.  Immediately  to  the  N.  of  the  continent  land 
of  great  extent  lies  l)etween  60*^  and  75°  X.  lat.,  and  stretching 
nearly  from  the  00th  to  the  12oth  de::ree  of  W.  longitude.  On  the 
S,  this  mass  of  land  is  se]>arated  from  the  continent  by  various 
narrow  straits,  Dolphin,  Union,  and  Dease  Straits.  The  Arctic 
Ocean  bounds  it  on  the  W. ;  the  straits  of  Banks,  Melville,  and 
Barrow,  with  Lancaster  Sound,  on  the  N. ;  and  its  eastern  limits 
are  Davis  Strait  and  Hudson  Buy.  Jt  is  divided  into  three  jwirts  by 
Prince  Regent  Inlet  and  the  Gulf  of  Boothia  on  the  one  hand,  and 
by  Prince  of  Wales  Strait  on  the  other.  The  eastern  part,  known 
as  Cockbum  Island,  is  intersected  by  various  anns  of  the  sea, 
respecting  which  little  is  known.  The  middle  |)art  contains  Boothia, 
Victoria,  Wollaston,  and  Prince  Albert  Lands.  Banks  Island  is  the 
westerly  continuation;  its  northern  coast  was  discovered  by  Sir 
E<lward  Parry,  who  gave  it  the  name  of  Banks;  and  Captain 
M'Clure,  in  his  voyage  from  Behriug  Strait,  first  discovere«l  its  most 
southerly  i)oint,  Prince  of  Wales  Strait,  which  sejyarates  it  from 
I*rincc  All)ert  Ijand,  and  afterwards  all  but  circumnavigateil  the 
island.  Besides  these  three  principal  i)art-s,  North  Somerw^  Island, 
lying  innnediately  S.  of  Barrow  Strait,  fonns  a  northern  con- 
tinuation of  Boothia,  only  separated  from  it  by  the  narrow  passage 
called  Bellot  Strait. 
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N.  of  that  long  line  of  narrow  seas  or  straits,  already  mentioned, 
that  stretches  from  Banks  Island  to  Baffin  Bay,  lie  Prince  Patrick, 
Melville,  Byam  Martin,  Bathurst,  and  Comwallis  Islands,  cele- 
brated in  the  annals  of  Arctic  discovery  as  Parry  Lands.  Beyond 
this  is  the  great  oceanic  inlet  of  Wellington  Channel,  formerly  the 
object  of  so  much  Arctic  research,  and  forming  its  eastern  side. 
The  great  island  of  North  Devon  lies  more  to  the  E.,  and  ends  in 
Baffin  Bay ;  on  the  N.  it  is  divided  by  Jones  Sound  from  Nortli 
Lincoln  and  Ellesmere  Island,  which  has  been  traced  as  far  as 
Victoria  Head,  in  78°  28'  21"  N.  lat.,  by  Captain  Inglefield,  who 
discovered  that  it  is  separated  from  Greenland  by  Smith  Soimd,  and 
who  supposed  that  the  latter  is  a  strait  leading  from  Baffin  Bay 
into  the  Polar  Ocean.  A  glimpse  of  the  supposed  open  Polar  Sea 
in  this  direction  was  obtained  by  Morton  in  Dr.  Kane's  celebrated 
expedition ;  afterwards  Dr.  Hayes  reached  a  higher  point  in  the 
strait  and  confirmed  this  important  discovery.  It  is  by  Smith 
Sound  that  Captain  Sherard  Osbom  advocates  an  attempt  being 
made  to  reach  the  Pole  itself,  by  sledging  along  the  coast  or  across 

the  ice  in  spring. 

§  2.  Greenland,  the  most  extensive  of  the  Arctic  lands,  begins 
with  the  lofty  promontory  of  Cape  Farewell,  the  southern  extremity 
of  a  group  of  rocky  islands,  which  are  separated  by  a  channel  five 
miles  wide  from  a  table-land  of  appalling  aspect,  narrow  to  the  S., 
but  increasing  in  breadth  northward  to  a  distance  of  which  only 
1300  nules  are  known.  This  table-land  is  bounded  by  mountains 
rising  from  the  deep  in  mural  precipices,  which  terminate  in  needles 
and  pyramids,  or  in  parallel  terraces,  of  alternate  snow  and  bare  rock, 
occasionally  leaving  a  narrow  shore.  The  coating  of  ice  is  so  con- 
tinuous and  thick  that  the  surface  of  the  table-land  may  be  regarded 
as  one  enormous  field  of  ice,  which  overlaps  the  rocky  edges  2000 
feet  high,  and  dips  in  icy  platforms  through  the  fiords  between  the 
mountain-peaks  into  the  sea. 

The  coasts  are  beset  with  rocky  islands,  and  cloven  by  fiords, 
which  in  some  instances  wind  like  rivers  for  100  miles  into  the 
interior.  These  deep  inlets  of  the  sea,  now  sparkling  in  sunshine, 
now  shaded  in  gloom,  are  hemmed  in  by  walls  of  rock  often  2000 
feet  high,  whose  summits  are  hid  in  the  clouds,  lliey  generally 
tenninate  in  glaciers,  which  are  forced  on  by  the  pressure  of  the 
upper  ice-plains  till  they  fill  the  fiord,  and  even  project  far  into  the 
sea  like  bold  headlands,  when,  undermined  by  the  surge,  huge 
masses  of  ice  fall  from  them  with  a  crash  like  thunder,  making  the 
sea  boil,  and  the  commotion  often  extends  to  a  distance  of  IG  miles. 
While  travelling  along  the  W.  coast  of  Greenland,  Dr.  H.  Kinks 
counted  23  icy  platforms  descending  from  the  table-land  into  the 
fiords,  and  forcing  the  ice  in  many  cases  far  into  the  sea,  especially 
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between  671*'  and  73^  N.  lat.  Now  tho  thicknoHH  of  i\u*  plain 
of  ioe  cannot  be  less  than  the  least  diameter  of  the  iceUsr^H,  whit'h 
are  its  tegmenta;  and  as  many  icebergs  are  100  nr  IM)  U*.vi  hi^h, 
4000  feet  in  cireumference,  and  since  two-thinU  of  their  iiiiihn  In 
under  water,  Dr.  Rinks  computeH  that,  l)etwe<ni  tint  pn*('cdiii^ 
paimllels,  the  plain  of  ice  covering  Greenland  nniHt  In^  10(K)  feel 
thick.  These  icy  platforms,  and  probably  nuiiiy  nthcrH  niort^  to 
the  N.,  are  the  chief  sources  of  iceber<;H  in  Uaflin  Hay  unii  PuviN 
Strait,  which,  carried  by  currents,  are  stmnded  on  tin*  Anlir  rtiaNt, 
or  are  drawn  into  lower  latitudes.  The  ice  is  vc^ry  triuiHiKirfMit  luid 
compact  in  the  Arctic  re^^ions ;  its  prevailing  tintH  are  blue,  i^reen, 
and  orange,  which,  contrasted  with  the  da/.zlin«4  whileni>HH  of 
the  snow  and  the  gloomy  hue  of  the  rocks,  pnxluce  a  Nlrikin^ 

A  great  fiord  in  the  68th  |)arallel  of  latitude;  is  Hiip]M)M(!fl  (o  exteml 
completely  across  the  table-land,  dividing;  tlie  country  into  South 
and  North  Greenland,  which  last  extends  to  an  unknown  diNtunrc* 
towards  the  ix>le  on  the  E.  coast,  whicli  is  alt^t^rctluT  iniU'ri*.HHiblit 
from  the  frozen  sea  and  iron-lwuud  shore,  so  that,  except  in;;  a  vi-ry 
small  portion  of  the  coast,  it  is  an  unexplored  re;;ion.  On  liie  \V. 
side,  however,  Dr.  Kane  reached  its  northern  termination  in  HU"  UU* 
N.  lat.,  and  65**  35'  \V.  long.,  where  it  was  waHiinl  by  the  Polar 
Ocean;  so  that  it  is  unconnected  with  the  ]H)lar  lands  to  tlm  \V., 
and  consequently  a  great  island. 

In  some  sheltered  siK)ts  in  South  Greenland,  csiKM-ially  ixlnw.r  \\u* 
borders  of  the  fionls,  there  are  meadows  where  the  servic«'-lri'r  iMMirs 
fruit,  beech  and  willow  grow  by  the  streams,  but  not.  taller  tluin  a 
man ;  still  farther  N.  the  willow  and  juniinT  scarcely  riw  alNivc  the 
surface;  yet  this  country  has  a  tlora  {>eculiar  to  itm*lf.  S.  of  tho 
island  of  Disco,  on  the  W.  coast,  Danish  colonies  and  miHHioniirii*M 
have  fomieil  settlements  on  some  of  the  islands  and  at  the  mouths 
of  fiords ;  the  (Esquimaux  inhabit  the  coasts  even  t«>  the  N. 
extremity  of  Baffin  IJay. 

§  3.  llic  ]K'la^ic  Islands  in  the  Arctic  (k:ean  are  highly  volcanic, 
with  the  exception  of  Si>itzl)ergen.  In  the  island  of  SpitxlNT^en 
the  mountains  spring  shar^)  and  majestic  fn)m  the  mar;;in  of  the  s«>a 
in  dark  gl(K>my  nuisses,  mixetl  with  pure  snow  and  enormous 
glaciers,  presenting;  a  sublime  six'ctacle.  Seven  valleys  tilh-d  by 
glaciers  ending  at  the  sea  form  a  remarkable  object  on  the  K  coast. 
One  of  the  largest  masses  of  ice  seen  by  Captain  Scoresby  on  the 
island  was  N.  of  Iloni  Sound  :  it  extended  11  miles  along  tiie  slion*, 
with  a  si'a-face  in  one  i>art  more  than  2000  feet  high,  fnmi  which 
he  saw  a  huge  fragment  hurleil  into  the  sea,  which  it  Iashe<l  into 
vajKnir,  as  it  broke  into  a  thousand  ]»ieces.  The  sun  is  not  siH?n  for 
several  muntlis  in  the  year,  and  the  cold  is  conscqucDtly  intense. 


192  PHYSICAL  GEOGRAPHY.  Chap.  XVI. 

• 
Since  1858  the  Swedes  have  sent  four  scientific  expeditions  to  Spitz- 

bergen,  and  have  greatly  extended  our  knowledo^e  of  tlie  geography 

and  productions  of  this  group  of  islands.     Tertiary  deposits  have 

been  found,  with  fossil  plants,  proving  that  the  islands  at  that 

epoch  possessed  a  temperate  climate. 

Although  the  direct  rays  of  the  sun  are  powerful  in  sheltered 
spots  within  the  Arctic  Circle,  the  thermometer  does  not  rise  above 
45°  of  Fahrenheit.  July  is  the  only  month  in  which  snow  does  not 
fall,  and  in  the  end  of  August  the  sea  at  night  is  covered  with  a 
thin  coating  of  ice,  and  a  summer  often  passes  without  one  day  that 
can  be  called  warm.  The  snow-blink,  the  aurora  borealis,  the  stars, 
and  the  moon,  which,  when  in  her  northern  declination,  appears 
above  the  horizon  for  10  or  12  days  without  intermission,  furnish 
the  principal  light  the  inhabitants  enjoy  during  their  long  and 
dreary  winter. 

§  4.  Iceland  is  200  miles  E.  from  Greenland,  and  lies  S.  of  the 
Arctic  Circle,  which  its  most  northern  part  touches.  Though  a 
fifth  part  larger  than  Ireland,  not  more  than  4000  square  miles  are 
habitable,  all  besides  being  a  chaos  of  volcanoes  and  ice. 

The  peculiar  feature  of  Iceland  lies  in  a  trachytic  region,  which 
seems  to  rest  on  an  ocean  of  fire.  It  consists  of  two  vast  parallel 
table-lands  covered  with  ice-clad  mountains,  stretching  from  N.E. 
to  S.W.  through  the  very  centre  of  the  island,  sei)arated  by  a 
longitudinal  valley  nearly  100  miles  wide,  which  reaches  from  sea 
to  sea.  These  mountains  assume  rounded  forms,  with  long  level 
summits  or  domes  with  sloping  declivities,  as  in  the  trachytic 
mountains  of  the  Andes  and  elsewhere ;  but  such  huge  masses  of 
tufa  and  conglomerate  project  from  their  sides  in  perpendicular  or 
overhanging  precipices,  separated  by  deep  ravines,  that  the  regu- 
larity of  their  structure  can  only  l)e  perceived  from  a  distance  ;  they 
conceal  under  a  cold  and  tranquil  coating  of  ice  the  liery  germs  of 
terrific  convulsions,  sometimes  bursting  into  dreadful  activity,  some- 
times quiescent  for  ages.  The  most  extensive  of  the  two  parallel 
ranges  of  Jokuls  or  Ice  Mountains  runs  along  the  eastern  side  of  the 
valley,  and  contains  Oraefa  *J5kul,  6241  feet  high,  the  highest  point 
in  Iceland,  seen  like  a  white  cloud  from  a  great  distance  at  sea :  the 
western  high  land  passes  through  the  centre  of  the  island. 

Plains  of  ice  cover  many  thousand  square  miles  in  Iceland,  and 
glaciers,  descending  from  the  mountains,  push  far  into  the  low- 
lands. This  tendency  of  the  ice  to  encroach  has  very  materially 
diminished  the  quantity  of  habitable  ground,  and  the  progress  of 
the  ice  plains  is  facilitated  by  the  influence  of  the  ocean  of  subter- 
ranean fire,  which  heats  the  superincumbent  ground,  and  loosens 
the  ice. 

The  longitudinal  space  between  the  mountainous  table-lands  is  a 
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low  TiUey  100  miles  wide,  extendinz  frrra  sea  to  sea,  where  a  5tb- 
■tntmn  of  trachyte  is  oiiverw  wiiL  lari.  sai.-L  an-i  ashes,  sradded 
with  low  Tokamc  cones.    It  is  a  iz^zL.eL'i':z3  desen.  never  ap- 
ptoocbed  witboGt  dread  even  >  y  tie  HJiiv^ — a  scene  of  j*ry*tual 
conflict  l)etween  the  aniazoiist::  p^ ysrer?  of  £re  and  frost,  without  a 
drop  of  water  or  a  Made  <■•!  gT^ss ;  r.  •  livii^z  creature  is  to  l«  seen — 
not  a  bini,  nor  even  an  insect.    Tne  s^irface  is  a  c»:nfiL5ed  niass  of 
streams  of  lava  rent  by  crevices :  r >cks  j-iled  on  ni^rks,  and  *jcca- 
aional  glaciers  complete  the  scene  rf  des^jlation.    As  nereis  oi  rein- 
deer are  seen  browsing  on  the  lichens  that  crow  r.'.entifuUv  at  its 
edges,  it  Is  presimied  that  some  unknown  jarts  may  be  less  Viarren. 
The  extremities  of  the  valley^are  more  especially  the  seats  of  per- 
potual  volcanic  activity.    At  the  &:»nthem  en«i,  which  oj¥?ns  to  the 
eea  in  a  wide  plain,  there  are  many  volcanoes,  of  which  Hecla  is 
most  known,  from  its  insulatCil  ]o«ition,  its  vicinity  to  the  coast, 
and  its  terrific  erufitions.     Between  the  years  10^4  and  1766,  23 
violent  eniptions  have  taken  place,  one  of  which  continued  six 
years,  sprea^liui  devastation  over  a  country  once  the  abode  of  a 
thriving  colony,  now  covered  with  lava,  scoria,  and  ashes :  in  the 
year  184G  it  was  in  full  activity.    The  eniption  of  the  Skaptar 
Jdkul,  which  l.ix.ke  out  on  the  Mh  of  Ma  v.  1783,  and  continued  till 
August,  is  one  of  the  most  dreadful  recorded.    The  volcanic  fire 
must  have  been  in  fearful  commotion  under  Europe,  for  a  tremendous 
earthquake  ruinetl  a  wide  extent  of  Calabria  that  year,  and  a  sub- 
marine volcano  had  l)een  burning  fiercely  for  many  weeks  in  the 
ocean,  30  miles  from  the  S.W.  ca]*  of  Iceland.     Its  fires  suddenly 
ceased,  the  island  was  shaken  by  earthquakes,  when,  at  the  dis- 
ance  of  150  miles,  they  burst  forth  with  almost  unexampled  fury 
in  Skaptar.      Tlie  sun  was  hid  many  months  by  dense  masses 
of  vapour,  which  extended  to  England  and  Holland,  and  clouds  of 
ashes  were  carried  many  hundreds  of  miles  to  sea.    The  quantity  of 
matter  thr«»wn  out  in  this  eruption  was  computed  at  50  or  60 
thousand  millions  of  cubic  yards.    ITie  lava  flowed  in  a  stream  in 
some  places  from  20  to  30  miles  broad,  and  of  enormous  thickness, 
which  fille<l  the  IkxIs  of  rivers,  poured  into  the  sea  nearly  50  miles 
from  the  ]»lace  of  its  eruption,  and  destroyed  the  fishing  on  the 
coast.     Some  rivers  were  heated  to  ebullition,  others  dried  up ;  the 
condensetl  vajxnir  fell  in  snow  and  torrents  of  rain  ;  the  country  was 
laid  waste ;  famine  and  disease  ensued ;  and  in  the  course  of  the 
two  KucceitUng  years  1300  people  and  150,000  sheep  and  horses 
IKjrishcd.     The  scene  of  horror  %vas  closed  by  a  dreadful  earthquake. 
Previous  to  the  explosion  an  ominous  mildness  of  tem]Hirature 
indicate<l  the  approach  of  the  volcanic  tire  towards  the  surfact*  of  the 
earth ;  similar  warnings  had  been  observed  before  in  the  eruptions 
of  Hecla. 
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A  semicircle  of  volcanic  mountains  on  the  eastern  side  of  the  lake 
Myvatn  is  the  focus  of  the  igneous  phenomena  at  the  northern  end 
of  the  great  central  valley.  Leirhnukr  and  Krabla,  on  the  N.E.  of 
the  lake,  have  been  equally  formidable.  After  years  of  quiescence 
they  suddenly  burst  into  violent  eruption,  and  poured  such  a 
quantity  of  lava  into  the  lake  Myvatn,  which  is  20  miles  in  circum- 
ference, that  the  water  boiled  many  days.  There  are  other  volcanoes 
in  this  district  no  less  formidable.  Various  caldrons  of  boiling 
mineral  pitch,  the  shattered  craters  of  ancient  volcanoes,  occur  at 
the  base  of  this  semicircle  of  mountains,  and  also  on  the  flanks  of 
Mount  Krabla :  these  caldrons  throw  up  jets  of  the  dark  matter, 
enveloped  in  clouds  of  steam,  at  regular  intervals,  with  loud  ex- 
plosion. That  which  issues  from  the  crater  of  Krabla  must,  by 
Mr.  Henderson*8  description,  be  one  of  the  most  terrific  objects  in 
nature. 

The  eruptive  boiling  springs  of  Iceland  are  i)erhaps  the  most 
extraordinary  phenomena  in  this  singular  country.  All  the  great 
aqueous  eruptions  occur  in  the  trachytic  formation;  they  are 
characterised  by  their  high  temperature,  by  holding  silicious  matter 
in  solution,  which  they  deposit  in  the  form  of  silicious  sinter,  and 
by  the  discharge  of  sulphuretted  hydrogen  gas.  Numerous  instances 
of  spouting  springs  occur  at  the  extremities  of  the  great  central 
valley,  especially  at  its  southern  end,  where  more  than  50  have 
been  counted  in  the  space  of  a  few  acres — some  constant,  others 
periodical — some  merely  agitated  or  stagnant.  The  Great  Geyser 
and  Strokr^  35  miles  N.W.  from  Hecla,  are  the  most  magnificent ; 
at  irregular  intervals  they  project  large  columns  of  boiling  water 
100  feet  high,  enveloped  in  clouds  of  steam,  with  a  tremendous 
noise.  The  tube  of  the  Great  Geyser  whence  the  jet  issues  is  about 
10  feet  in  diameter  and  75  feet  deep ;  it  opens  into  the  centre  of  a 
basin  four  feet  deep  and  between  46  and  50  feet  in  diameter ;  as 
soon  as  the  basin  is  filled  with  boiling  water  that  rises  through  the 
tube,  explosions  are  heard,  the  ground  trembles,  the  water  is  thrown 
to  the  height  of  100  or  150  feet,  followed  by  large  volumes  of 
steam.  No  further  explosion  takes  place  till  the  empty  basin  and 
tube  are  again  replenished. 

MM.  Descloiseaux  and  Bunsen,  who  visited  Iceland  in  1846, 
found  the  temperature  of  the  Great  Geyser,  at  the  depth  of  72  feet, 
before  a  great  eruption,  to  be  260i°  of  Fahrenheit,  and  after  the 
eruption  2511° ;  an  interval  of  28  hours  passed  without  any  erup- 
tion. The  Strokr  (from  stroka,  to  agitate),  140  yards  from  the 
Grreat  Geyser,  is  a  circular  well,  a  little  more  than  44  feet  deep, 
with  an  orifice  of  8  feet,  which  diminishes  to  little  more  than  10 
inches  at  a  depth  of  27  feet.  The  surface  of  the  water  is  in  constant 
ebullition,  while  at  the  bottom  the  temperature  exceeds  that  of 
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boiling  water  by  about  24°.  By  the  experiments  of  M.  Di^nny  of 
Ghent,  water  long  boiled  becomes  more  and  more  free  from  uir«  by 
which  the  cohesion  of  the  particles  is  so  much  increased  that,  when 
it  is  exposed  to  a  heat  sufficient  to  overcome  the  force  of  cohosion« 
the  production  of  steam  is  so  instantaneous  and  so  considerable  as 
to  cause  explosion.  To  this  cause  he  ascribes  the  eni]>tinnH  of  tho 
Qeysers,  which  are  in  constant  ebullition  for  many  hours,  and 
be<>>me  so  purified  from  air,  that  the  strong  heat  at  the  l)ottom  at 
last  overcomes  the  cohesion  of  the  particles,  and  an  explosion  takes 
place.  The  boiling  spring  of  Tunquhaer,  in  the  valley  of  Heikholt, 
is  remarkable  from  having  two  jets,  which  play  alternately  for 
about  four  minutes  each.  Some  springs  emit  gas  only,  or  gas  with 
a  small  quantity  of  water.  Such  fountains  are  not  confined  to  the 
land  or  fields  of  ice ;  they  occur  also  in  the  sea,  and  many  issue 
from  the  crevices  in  the  lava-bed  of  Lake  Myvatn,  and  rise  in  jets 
above  the  surface  of  the  frftter. 

A  region  of  the  same  character  with  the  mountains  of  the  Ice- 
landic desert  extends  due  W.  from  it  to  the  extremity  of  the  long 
narrow  promontory  of  the  Snaefell  Syssel,  ending  in  the  snow-clad 
cone  of  the  Snaefell  J5kul,  4577  feet  high,  one  of  the  most  con- 
spicuous mountains  in  Iceland. 

With  the  exception  of  the  purely  volcanic  districts  descril)ed, 
trap-rocks  cover  a  great  part  of  Iceland,  wkich  have  been  fonned 
by  streams  of  lava  at  very  ancient  epochs,  occasionally  4000  feet 
deep. 

The  dismal  coasts  are  torn,  except  on  the  S.,  by  fiords,  penetrat- 
ing tnany  miles  into  the  interior,  and  spreading  into  endless  branches. 
In  these  fissures  the  sea  is  still,  dark,  and  deep,  between  walls  of 
rock  1000  feet  high.  The  fiords,  however,  do  not  here,  as  in  CJreen- 
land,  terminate  in  glaciers,  but  are  prolonged  in  narrow  valleys, 
through  which  streams  and  rivers  run  to  the  sea.  In  these  valleys 
the  inhabitants  have  their  abode,  or  in  meadows  which  have  a 
transient  verdure  along  some  of  the  fiords,  where  the  sea  is  so  deep 
that  ships  find  safe  anchorage. 

In  the  valleys  on  the  northern  coast,  near  as  they  approach  to 
the  Arctic  Circle,  the  soil  is  wonderfully  good,  and  there  is  more 
vegetation  than  in  any  other  part  of  Iceland,  with  the  exception  of 
the  eastern  shore,  which  is  the  most  favoured  portion  of  tliis  deso- 
late land.  Pi  vers  abounding  in  fish  are  much  more  frequent  there 
than  elsewhere ;  willows  and  juniper  adorn  the  valleys,  and  birch- 
trees,  20  feet  high,  grow  in  the  vale  of  Lagerfiest,  the  only  place 
which  produces  them  large  enough  for  house-building,  and  the 
verdure  is  fine  on  the  banks  of  those  streams  which  are  heated 
by  volcanic  fires. 

The  climate  of  Iceland  is  much  less  rigorous  than  that  of  Green- 
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land,  and  it  would  be  still  milder  were  the  air  not  chilled  by  the 
immeuso  fields  of  ice  from  the  Polar  Sea  which  beset  its  shores. 

The  inbabitfLQta  axe  supptjed  with  fuel  b;  the  Gulf  Stream,  which 
brings  drift-wood  in  great  quantities  from  Mexico,  the  Citrolinaa, 
Vii^nia,  the  river  St.  Lawrence;  and  some  even  from  the  Pacific 
Ocean  k  supposed  to  be  drifted  by  currents  round  by  the  northern 
shores  of  Siberia.  The  mean  temperature  in  the  S.  of  the  island 
is  about  39°  of  Fahrenheit,  that  of  the  central  districts  36°,  and 
in  the  N.  it  is  rarely  above  the  freezing-point.  'iTie  cold  is  most 
intense  when  the  sky  is  clear,  but  that  is  a  rare  occurrence,  as  the 
moist  wind  from  the  sea  covers  mountain  and  valley  with  thick  fog. 
Hurricanes  are  frequent  and  violent ;  and  although  thunder  is 
seldom  beard  in  high  latitudes,  Iceland  is  an  exception,  for  tremen- 
dous thimderatorras  are  not  uncommon  there  —  a  circumstance 
attributed  to  the  volcanic  nature  of  that  inland,  as  lightning  occom- 
panies  volcanic  eruptions  everywhere.  ^  the  northern  end  of  the 
island  the  sun  is  always  above  the  horizon  m  the  middle  of  summer, 
and  under  it  in  mid-winter,  yet  there  is  no  absolute  darkness. 

The  island  of  Jan  Hayen  Ues  between  Iceland  and  Spitzbergen ; 
it  is  the  most  northern  volcanic  country  known.  Its  principal 
feature  is  the  volcano  of  Beerenberg,  68T0  feet  high,  whose  lofty 
snow-capped  cone,  apparently  inaccessible,  has  been  seen  to  emit 
fire  and  smoke.  It  is  flanied  by  enormous  glaciers,  like  frozen 
cataracts,  which  occupy  three  hollows  in  an  almost  perpendicular 
cliff,  descending  from  the  base  of  the  mountain  to  the  sea. 

The  group  of  islands  of  New  Siberia,  which  he  N.  of  the  province 
of  Yakutsk,  and  in  about  T8°  of  N.  lat.,  have  so  rude  a  climate  that 
they  have  no  permanent  inhabitants ;  they  are  remarkable  for  the 
quantity  of  fosail  bones  they  contain:  the  elephants'  tusks  fonnd 
there  have  for  years  been  an  article  of  commerce. 

S  5.  The  a.  polar  lands  are  equally  volcanic,  and  as  deeply  ice- 
bound, as  those  in  the  N.  Victoria  Land,  which  from  its  extent 
seems  to  form  part  of  a  continent,  waa  discovered  by  Sir  James 
Itosa,  who  commanded  the  expedition  sent  by  the  British  govern- 
ment in  1839  to  ascertain  the  position  of  the  S.  magnetic  pole. 
This  cxtensiTe  tract  Ues  S.  of  New  Zealand ;  Cape  North,  its  most 
northern  jjoint,  ia  situate  in  70°  31'  S.  lat.  and  165°  28'  E.  long. 
To  the  W.  of  that  cape  the  northern  coast  of  this  land  tenuinates  in 
perpendicular  ice-cUffs,  from  200  to  500  feet  high,  stretching  as  far 
as  the  eye  can  reach,  with  a  chain  of  grounded  icebergs  extending  for 
miles  from  their  base,  all  of  tabular  form,  and  varying  in  size  from 
one  to  nine  or  ten  miles  in  ciromuference.  A  lofty  range  of  peaked 
mountains  rises  in  the  interior  at  Cape  North,  covered  with 
unbroken  snow,  only  relieved  from  uniform  whiteness  by  shadows 
produced  by  the  undulations  of  the  Burface.    The  indentations  of 
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the  coast  are  filled  with  ice  many  hundreds  of  feet  thick,  which 
makes  it  impossible  to  land.  To  the  E.  of  Cape  North  the  coast 
trends  first  to  S.E.  by  E.  and  then  in  a  southerly  direction  to  78i° 
of  8.  lat.,  at  which  point  it  suddenly  bends  to  the  £.,  and  extends 
in  one  continuous  vertical  ice-clifif  to  an  unknown  distance  in  that 
direction.  The  first  view  of  Victoria  Land  is  described  as  most 
magnificent.  "  On  the  11th  of  January,  1841,  in  about  latitude 
71°  S.  and  longitude  171°  E.,  the  Antarctic  continent  was  first  seen, 
the  general  outline  of  which  at  once  indicated  its  volcanic  character, 
rising  steeply  from  the  ocean  in  a  stupendous  mountain-range,  peak 
above  peak  enveloped  in  perpetual  snow,  and  clustered  together  in 
countless  groups,  resembling  a  vast  mass  of  crystallisation,  which, 
as  the  sun's  rays  were  refiected  on  it,  exhibited  a  scene  of  such 
unequalled  magnificence  and  splendour  as  would  baffle  all  iK>wer  of 
language  to  portray,  or  give  the  faintest  conception  of.  One  very 
remarkable  peak,  in  shape  like  a  huge  crystal  of  quartz,  rose  to  the 
height  of  7867  feet,  another  to  9096,  and  a  third  to  8444  feet  above 
the  level  of  the  sea.  From  these  peaks  ridges  descended  to  the 
coast,  tenuinating  abruptly  in  bold  capes  and  promontories,  whose 
steep  escarpments,  affording  shelter  to  neither  ice  nor  snow,  alone 
showed  the  jet  black  lava  or  basalt  which  reposed  beneath  the 
mantle  of  eternal  frost."  .  ..."  On  the  28th,  in  lat.  77°  31'  and 
lon.j;.  167^  1',  the  burning  volcano.  Mount  Erebus,  was  discovered, 
envelojK'd  in  ice  and  snow  from  its  base  to  its  summit,  from  which 
a  dense  column  of  black  smoke  towered  high  above  the  other 
numerous  lofty  cones  and  crateriferous  i)eaks  with  which  this  extra- 
ordinary land  is  studded  from  the  72nd  to  the  78th  degree  of  lati- 
tude. Its  height  above  the  sea  is  12,367  feet,  and  Mount  Terror, 
an  extinct  crater  near  to  it,  which  has  doubtless  once  given  vent  to 
fires  beneath,  attains  an  altitude  little  inferior,  being  10,884  feet 
in  height,  and  ending  in  a  cape,  from  which  a  vast  barrier  of  ice 
extendetl  in  an  easterly  direction,  checking  all  further  progress  S. 
This  continuous  {Hjqxjndicular  wall  of  ice,  varying  in  height  from 
200  to  100  feet,  its  summit  presenting  an  almost  unvarying  level 
outline,  we  traced  for  300  miles,  when  the  imck-ice  obstructed  all 
farther  progress."  * 

The  vertical  cliff  in  question  forms  a  completely  solid  mass  of  ice 
about  lOOC)  feet  thick,  the  greater  part  of  which  is  below  the  surface 
of  the  sea ;  there  is  not  the  smallest  appearance  of  a  fissure  through- 
out its  whole  extent,  and  the  intensely  blue  sky  beyond  indicated 
plainly  the  gre^it  distance  to  which  the  ice-plains  reach  southward. 
Gigantic  icicles  hang  from  every  projecting  iwint  of  the  icy  cliff, 


*  Remarks  on  iho.  Antarctic  Continent  and  Southern  Islands,  by  Robert 
MacCormick,  K»«i.»  Surgeon  of  H.M.8.  Erebus. 
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showing  that  it  sometimes  thaws  in  these  latitudes,  although  in 
the  month  of  February,  which  corresponds  with  August  in  England, 
Fahrenheit*s  thermometer  did  not  rise  above  14°  at  noon.  In  the 
North  Polar  Ocean,  on  the  contrary,  streams  of  water  flow  from 
every  iceberg  during  the  sunmier.  The  whole  of  this  country  is 
beyond  the  pale  of  vegetation ;  no  moss,  not  even  a  lichen,  covers 
the  barren  soil  where  everlasting  winter  reigns.  Parry  Mountains, 
a  lofty  range,  stretching  S.  from  Mount  Terror  to  the  79th  parallel, 
is  the  most  southern  land  yet  discovered.  The  South  Magnetic 
Pole,  one  of  the  objects  of  the  expedition,  would  be  situated  in 
Victoria  Land,  in  75°  5'  S.  lat.,  and  154°  8'  E.  long.,  according  to 
Sir  James  G.  Ross's  observations. 

Various  tracts  of  land  have  been  discovered  near  the  Antarctic 
Circle,  and  within  it,  though  none  in  so  high  a  latitude  as  ^'ictoria 
Land.  Whether  they  form  part  of  one  large  continent  remains  to 
be  ascertained.  Scientific  expeditions  sent  by  the  Russian,  French, 
and  American  governments  have  increased  our  knowledge  of  these 
remote  regions,  and  the  spirited  adventures  of  British  merchants 
and  captains  of  whalers  have  contributed  quite  as  much.*  The  land 
within  the  Antarctic  Circle  is  generally  volcanic — at  least  the  coa.st- 
line,  which  is  all  that  is  yet  known,  and  that,  being  covered  with 
snow  and  ice,  is  destitute  of  vegetation. 


^  Captain  Cook  discovered  Sandwich  Land  in  1772-5. — Captain  Smith, 
of  the  brig  *  William,'  discovered  New  South  Shetland  in  1819. — Captain 
Billingshausen  discovered  Peter  Island,  and  the  coast  of  Alexander  the 
First. — Captain  Weddel  discovered  the  Southern  Orcades. — Captain  Bisco 
discovered  Enderby  Land  and  Graham  Land  in  1832;  Admiral  Dumont 
d'Urville,  la  Terrc  d'Adelie  in  1841 ;  and  Sir  James  Ross,  Victoria  Land  in 
the  same  vear. 
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MINERALS. 

I  1.  Nature  and  character  of  mineral  veins ;  magnetism  of  the  earth. 
§  2.  Metalliferous  deposits.  §  3.  Mines;  their  drainage  and  ventila- 
tion ;  depth  of  mines.  §  4.  Diffusion  of  metab ;  gold ;  silver ;  lead ; 
quicksilver ;  copper ;  tin-mines  of  Cornwall ;  iron.  §  5.  Coal-mines ; 
disposition  of  the  coal-strata;  British  coal-fields;  enormous  carbonife- 
rous strata  of  America ;  tropical  coal-fields  uninvestigated.  §  6.  Arsenic 
and  other  metals;  salt;  sidphur.    §  7.  Diffusion  of  the  gems. 

§  1.  The  tumultuous  and  sudden  action  of  the  volcano  and  the 
earthquake  on  the  great  masses  of  the  earth  is  in  strong  contrast 
with  the  calm,  silent  operations  on  the  minute  atoms  of  matter 
by  which  Nature  seems  to  have  filled  the  fissures  in  the  rocks  with 
her  precious  gifts  of  metals  and  minerals,  sought  for  by  man  from 
the  earliest  ages  to  the  present  day,  Tubal-cain  was  "  the  in- 
structor of  every  artificer  in  brass  and  iron.**  Gold  was  among  the 
first  luxiuies ;  and  even  in  our  own  country,  from  time  imme- 
morial, strangers  came  from  afar  to  carry  off  the  produce  of  the 
Cornish  mines.* 

The  ancients  scarcely  were  acquainted  with  a  third  of  the  metals 
now  known,  and  the  metallic  bases  of  the  alkalis  only  date  from  the 
time  of  Sir  Humphry  Davy,  having  formed  a  remarkable  part  of  his 
brilliant  discoveries.' 


*  The  author  owes  her  information  on  British  mines  to  two  publications 
on  the  Mining  District  of  the  North  of  England,  by  J.  Sopwith,  Esq.,  Civil 
Engineer,  and  Mr.  Leithart,  Mine  Agent.  On  the  Cornish  Mines  she  has 
derived  her  information  from  the  writings  of  John  Taylor,  Esq.,  and  Sir 
Charles  Lemon,  Bart. ;  from  a  store  of  valuable  materials  contained  in  the 
*  Progress  of  the  Nation,'  by  G.  R.  Porter,  Esq. ;  from  the  Mineral  Statistics 
of  the  United  Kingdom,  by  Robert  Hunt,  F.R.S.,  published  in  the  Memoirs 
of  the  Geological  Survey  of  Great  Britain ;  from  the  Statistical  Journal ; 
and  on  the  general  distribution  of  minerals  over  the  globe,  from  the  *  Penny 
Cyclopaklia,  and  various  other  sources. 

»  UST  OF  ELEMENTARY  BODIES. 


Aluminium— (Wohler,  1828). 
Antimony. 
Arsenic--(Brandt,  1733). 


Barium— (Davy,  1807). 
Beryllium  or  Glucinum— (Wdhler, 
1828). 

Bismuth. 
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Hinerals  are  depotiited  in  veiiiB  or  fiMures  of  rocks,  in  masses,  iu 
beds,  and  Bometimea  rolled  fragments  imbedded  in  gravel  and  sand, 
the  detritus  of  water.  Most  of  the  metals  are  found  in  veins ;  a 
few,  as  gold  and  tin,  iron  and  copper  ores,  are  disseminated  through 
the  rocks,  thoiigh  rarelj.  Veins  are  cracks  or  fissures  in  rocks, 
aeldom  iu  a  straight  line,  jet  they  maintain  a  general  direction, 
though  in  a  ligzag  fonn,  striking  downwards  at  a  very  high  an^ic. 


Lm  or  Ei^NENTur  Bodies — (contiautd). 

Xitnigm—iR  uth  c  rrord> 


Biimath. 

BOnut — (Gaj-Luuc,  'DiiMrd,  D«yt, 

1808). 
£ronuiu— (Balwd,  IS26). 
CvliniDm— (Stramejer,  18IS). 
CBtiuTD  — (Budmu   and    KirdihoS; 

1860). 
Cdciuni— (DaTjr,  1807). 

Orium— (Klmproth,  1803). 
CUorinf— (Scheele,  1771). 
ChromiDin— {Vsuqaelin,  1T9T). 
Cobalt— (Bnodt,  1733). 

Didymiain— (Uosuider,  1 841). 

Erbium — (Bahr  (tod  Bodhd). 

/Vuoi-^M— (D«v«r  iiolat«d> 

OoM. 

ffydrogm. 

Indium  —  (Keich  and  Richttr,  about 

1863). 
Iodine— {Coaitoia.  1811). 
Iridium— (Dac»tili:Teaiiant,1803). 
Iroo. 

UotbaDnm— (Houoder,  1839). 
Lead. 

Uthinm-.<ArfwsdH>n,  1818). 
Magnesium— <BuM7,  1829). 
MaDKanne— (QiJia ;  Scbeelt,  1774). 
Mercury. 

Holybdeuum— (Hjelm,  1782). 
Nicliel~<Cni[iitedt,  1751). 
Kiobium— (Hatchott,  1801). 

ijrconium  hare  recently  been  obtained  by  Sorby  and  Chai 
hovevpr,  be  premature  to  inclade  ^^Jargonium  and  its  CO 
kDOWD  elements. 

The  14  element!  indicated  by  tbe  namei  printed  in  italics  xi 
regarded  la  Doa-metallic.  The  diTiiion  of  element!  into  metals 
metali  it,  boweyer,  quite  an  arbitrary  one.  Bydnyjtn  is  related  to  tbe 
metals  lithinm,  ■odium,  pctaisiam,  and  lilver ;  arimis  is  related  to  nitro- 
gen ;  in  fine,  there  ii  no  cbemicaJ  line  of  Mparetion  between  the  elemeuti 
usually  considered  to  ba  non-metallic  and  those  usoally  regarded  as  metals. 


I— {S.  Tennant,  1803), 
ftnsm— {Priestley,  Scbeele,  1774), 
Palladium— (Wollaston,  1803). 
PAMpAortu— (Brandt,  1769). 
Platinum— {Wood,  1741). 
Potassium— {Davy,  1807). 
Rhodium— <Wo]laston,  1804). 
Rubidium— {Bonsen  and  Kirchhoff, 

1861). 
Ruthenium— (Clftus,  1846). 
SWmiuiB~-{Berielius,  1817). 
Si/iciBm— (Berselius,  1810). 
SiWer.  I 

Sodium— (Davy,  1807). 
Strontium— (Davy,  1807). 

Tantalam— (Ekcber^,  1803). 

Iii(Jiin-un— (Miiller,  178^). 

?  Terbium  —  (Tbe  eiistence  of  this 
supposed  metal  id  not  proren). 

Thallium— (Crooltes  :  Lamy,  1863). 

Tborinum— (Benelius,  I8'^S). 

Tin. 

Titanium— <Gregor,  1791). 

Tungsten— (d'Elhujar,  1783). 

Uranium— (Klaproth,  1789). 

Vanadium— <Del  Rio,  1801). 

Yttrium — (Benelius  and  others  hare 
described  the  impure  metal.  It 
baa  not  been  obtained  pure.) 

Zinc 

Zireoninm— (KUprotb,  1787). 

assoriated  nilb 

It  would, 

congeners  among 

c  tisaaUy 
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deratizig  from  the  perpendicular  by  so  much  as  45  degrees, 
tending  to  variable  depths.  When  cutting  through  stratified 
they  are  for  the  most  part  accvmip^nied  by  a  depression  of 
the  beds  on  one  side  of  their  course,  and  by  an  elevation  on  the 
other ;  the  throw,  or  perpendicular  distance  between  the  ci.>rrespond- 
ing  strata  on  the  opposite  sides  of  a  vein,  varies  from  a  few  inches 
to  thirty,  forty,  even  a  hundred  fathoms.  The  bci^iuniug  or  end  of 
m  Tein  ia  scarcely  ever  known ;  but,  when  explon^l,  they  art*  found 
to  begin  abruptly,  and,  after  continuing  uudividcil  to  a  greater  or 
kn  distance,  they  branch  into  small  veins  or  striuixs. 

In  the  downward  zigzag  course,  the  l>endiug  oi'  the  strata  upwards 
on  one  side  and  downwards  on  the  other,  and  the  chemical  changes 
•Inaost  always  observed  on  the  adjacent  RH.*ks,  veins  War  a  strong 
analogy  to  the  course  and  effects  of  a  very  |vwerful  electrical 
ducharge. 

Veins  have  been  filled  with  sulnjtances  fonngn  to  them,  which 
have  probably  been  disseminateil  by  sublimation  fn>m  the  interior 
of  the  earth.  Nothing  can  be  more  ct^rtain  than  thai  the  minute 
particles  of  matter  are  constantly  in  motion  fn.>m  the  actimi  of  heat, 
mutual  attraction,  and  electricitv.  l*rismatio  crystals  of  salts  of 
line  are  chani'ed  in  a  few  seconds  into  crystals  of  a  totally  ditYen»ut 
form  by  the  heat  of  the  sun :  casts  of  shells  are  found  in  riH."ks,  fnmi 
which  the  animal  matter  has  lKH?n  R»moviKl,  and  its  i>lace  su]>]>Ui"d 
by  mineral  matter ;  and  the  excavations  made  in  nn-ks  diminish 
flensibly  in  size  in  a  short  time  if  the  rock  l>e  soft,  and  in  a  longer 
time  when  it  is  hard  —  circumstances  that  show  an  intestine 
motion  of  the  particles,  not  only  in  their  relative  ]H)sitions  but  in 
space,  which  there  is  every  reason  to  Iwlieve  is  owing  to  electricity 
— a  jKjwer  which,  if  not  the  sole  agent,  must  at  \vi\»t  have  co- 
operated essentially  in  the  fonnation  and  filling  of  mineral  veins.* 

The  magnetism  of  the  earth  is  j^resumwl  to  Ih»  owing  t(»  eKntrical 
currents  circulating  through  its  mass  in  a  dinvtion  at  right  angloa 
to  the  maj^netic  meridians.  Mr.  Vox  has  shown,  fn>m  olwervatiiuia 
in  the  Cornish  mines,  that  such  currents  tlo  flow  through  all  metallic 
veins.  Now,  as  the  different  substances  of  which  the  earth  is  ci>m- 
posed  are  in  different  states  of  electn)-magnetism,  and  are  often 


*  This  subject  is  ably  discussed  by  Mr.  I^eithnrt  in  his  work,  ali*endy 
mentioQ(>d,  on  tho  fonnation  and  filling  of  motallie  vuins.  Mr.  i^'ithurt  It 
an  instance  of  the  iutt'llii^ence  that  prevails  among  niincrH,  notwithstandin|S 
the  scanty  opjiortunities  of  acquiring  that  knowknlge  which  they  are 
gen<>rally  so  eager  to  obtain.  He  was  a  working  niimtr,  whojw  only  wluca- 
tion  wiw  at  a  Sunday-school.  There  are  and  have  been  ninny  eiuiunut 
engineers  in  Kngland,  em[>loyed  in  the  construction  of  railways,  canal*, 
bridges,  and  other  important  works,  who  U'gan  their  career  as  working 
miners. 
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interrupted  by  non-conducting  rocks,  the  electric  currents,  being 
stopped  in  their  course,  act  chemically  on  all  the  liquids  and  sub- 
stances they  meet  with.  Hence  Mr.  Fox  has  come  to  the  conclusion 
that  not  only  the  nature  of  the  deposits  must  have  been  determined 
by  their  relative  electrical  conditions,  but  that  the  direction  of  the 
metallic  veins  themselves  must  have  been  influenced  by  the  direction 
of  the  magnetic  meridians ;  and,  in  fact,  almost  all  the  metallic 
deposits  in  the  world  are  in  parallel  veins  or  fissures  trending  from 
E.  to  W.,  or  from  N.E.  to  S.W.  Veins  at  right  angles  to  these  are 
generally  non-metalliferous,  and,  if  they  do  contain  metallic  ores, 
they  are  of  a  diflferent  kind.  In  some  few  cases  both  contain  the 
same  ore,  but  in  very  different  quantities,  and  both  veins  are  richer 
near  the  point  of  crossing  than  elsewhere. 

Sir  Henry  de  la  Beche  conceived  that  the  continued  expansion 
and  elevation  of  an  intensely  heated  mass  from  below  would  occa- 
sion numerous  vertical  fissures  through  the  superincumbent  strata, 
within  which  some  mineral  matters  may  have  been  drawn  up  by 
sublimation,  and  others  deposited  in  them  when  held  in  solution  by 
ascending  and  descending  streams  of  water ;  even  on  this  hypothesis 
the  direction  of  the  rents  and  the  deposition  of  the  minerals  would 
be  influenced  by  the  electrical  currents.  But  if  veins  were  filled 
from  below,  the  richest  veins  would  be  lowest,  which  is  not  the  case 
in  Cornwall,  Mexico,  or  Peru,  where  they  are  generally  richer  near 
the  surface  than  at  great  depths :  this  is  particularly  the  case  in  the 
mines  of  the  precious  metals  in  America,  where  the  greatest  quan- 
tities of  ore  have  been  found  near  the  surface — a  fact  that  may  be 
explained  by  supposing  the  mineral  substances  brought  by  subli- 
mation from  the  interior  of  the  earth,  and  deposited  where  the 
temperature  was  lowest  at  or  near  the  surface  in  the  rocks  among 
which  they  are  situated.  The  primum  mobile  of  the  whole  probably 
lies  far  beyond  our  globe :  we  must  look  to  the  sun's  heat,  if  not  as 
the  sole  cause  of  electrical  currents,  at  least  as  combined  with  the 
earth's  rotation  in  their  evolution.* 

When  veins  cross  one  another,  the  veins  traversed  are  presumed 
to  be  of  prior  formation  to  those  traversing,  because  the  latter  are 
dislocated  and  often  heaved  out  of  their  course  at  the  point  of  inter- 
section ;  and  such  is  the  case  with  the  metalliferous  veins,  which 
are  therefore  the  most  recent.  Veins  are  rarely  filled  in  every  part 
with  ore  ;  they  contain  sparry  and  stony  matter,  called  the  matrix, 
with  here  and  there  irregular  masses  of  the  metallic  ores,  often  of 
great  size  and  value.  Solitary  veins  are  generally  unproductive, 
and  veins  are  richer  when  near  one  another.    The  prevalence  and 


'  Rotation  alone  produces  electrical  currents  in  the  earth. — *  Connexion 
of  the  Physical  Sciences,'  page  364,  7th  edition. 
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ridmeH  of  mineral  yeins  are  intimately  conuectcd  with  the  i)n)xi- 
mity  or  junction  of  dissimilar  rockn,  where  the  elect ni-inoliH'ular 
and  electro-chemical  actions  are  most  ener>;etic.  Granite,  iK)r])hyry, 
and  the  plutonic  rocks  arc  often  eminently  nietiilliferims ;  hut 
mineral  deposits  arc  also  abmidant  in  rc)ck8  of  ucHlinienUiry  ori<rin, 
especially  in  and  near  situations  where  these  two  chisKcs  of  nn^ks 
are  in  contact  with  one  another,  oi  where  the  metiunoriihic.  stnicturt^ 
has  been  induced  upon  the  sedimentary.  This  is  reiuiirkahly  the 
case  in  Cornwall,  the  north  of  fln^laud,  in  the  Ural,  und  most  ul'  the 
great  mining  districts  on  the  continent  of  Kuro])e. 

f  2.  Metalliferous  de^xxsits  are  }>ecuhar  to  ])articular  r(x.*kH ;  tin  Ih 
most  plentiful  in  granite  and  the  nn'ks  lying  immediately  alM>ve  it ; 
gold  in  the  Paheozoic  rocks  in  the  vicinity  of  porphyritic  erupt  ions ; 
cupper  is  deposited  in  various  slate  formations,  and  in  tht^  Nimd- 
stones  of  the  trias,  in  certain  porphyritic  nn'ks,  and  in  HeriK>ntine  ; 
lead  is  particularly  abundant  in  the  car})onif(>rous  limestom'  syNtcin, 
and  is  rare  where  there  is  iron  and  cop])er ;  iron  alN>unds  in  the  coal 
and  oolitic  strata,  and  in  a  state  of  oxid  and  cryKtalli/cd  carlmiiate 
in  the  plutonic  and  metamorphic  rocks ;  und  silver  is  found  in  alniost 
all  of  these  formations;  its  ores  iK'ing  frinpiently  combined  witli 
those  of  other  metals,  esiKJcially  of  leiid  antl  cop])er.     There  is  such 
a  connexion  between  the  contents  of  a  vein  and  the  nature  of  the 
Fock  in  which  the  fissure  is  that,  when  in  the  oldest  nn^ks  the  saniu 
vein  intersects  clay-slate  and  granite,  the  contents  of  the  imrtH  en- 
closed in  one  rock  differ  very  much  from  what  is  found  \i\  the  (»thcr. 
It  is  bclievetl  that  in  the  strata  lying  alK>ve  the  ctKil-me!isun»s  none 
of  the  more  ]>recious  metals  have  U'en  found  in  Kngland  in  such 
plenty  as  to  defray  the  ex]iense  of  raising  them,  although  m\v\\  a 
rule  does  not  extend  to  the  continent  of  Kuro]Kt  or  t<i  South  Amerii*a, 
where  copiier  and  silver  ores  al)oimd  in  the  red  sandstone  of  the 
triassic  series.     In  (xreat  Britain  no  metal,  except  in>n,  is  niised  in 
any  stratum  newer  than  the  magnesian  linuH^tone.     Metals  exist 
chiefly  in  the  primary  and  early  secondary  strata,  esiK^cially  nt«r 
the  junction  of  granite  and  iK)q)hyry  with  slates ;  and  it  is  a  fact 
that  rich  veins  of  lead,  copiK*r,  tin,  Ssc.j  abound  only  in  and  niiir 
the  districts  which  have  been  greatly  shaken  by  suliterraneoua 
movements.     In  other  countries,  as  Auvergno  and  the  Pyrenees, 
tlie  presence  of  igneous  rocks  may  have  caused  mineral  veins  to 
apiKMir  in  more  recent  strata  than  those  which  contain  them  in 
Great  Britain. 

§  3.  When  a  mine  is  opcncil,  a  shaft  like  a  well  is  generally  sunk 
perpendicularly  from  the  surface  of  the  ground,  and  from  it  horissontal 
galleries  are  dug  at  different  levels  according  to  the  direction  of  the 
metallic  veins,  and  gun|)owder  is  used  to  blast  the  rocks  when  too 
hard  for  tlie  pickase.     When  mines  extend  very  (ar  in  a  horizontal 
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direction,  it  becomes  necessary  to  sink  more  shafts,  for  ventilation 
as  well  as  for  facility  in  raising  the  ore.  Such  is  the  perfection  of 
underground  surveying  in  England,  that  the  work  can  be  carried  on 
at  the  same  time  from  above  and  below  so  exactly  as  to  meet ;  and 
in  order  to  accelerate  the  operation,  the  shaft  is  worked  simultane- 
ously from  the  dififerent  galleries  or  levels  of  the  mine.  In  this 
manner  a  perpendicular  shaft  was  sunk  204  fathoms  deep,  in  the 
Consolidate  mines,  in  Cornwall;  it  was  finished  in  12  months, 
having  been  worked  in  15  different  points  at  once.  In  that  mine, 
some  years  ago,  there  were  95  shafts,  besides  other  perpendicular 
communications  imderground  from  level  to  level :  the  depth  of  the 
whole  of  these  shafts  added  together  amounted  to  about  25  miles  ; 
the  galleries  and  levels  extending  horizontally  about  43  miles ;  and 
2500  persons  were  employed  in  it ;  yet  this  is  but  one  of  many 
mines  now  in  operation  in  the  mining  district  of  Cornwall  alone.^ 

The  infiltration  of  the  rain  and  surface-water,  together  with 
subterranean  springs,  would  soon  inundate  a  mine  and  put  a  stop  to 
the  work,  were  not  adequate  means  employed  to  remove  it.  The 
steam-engine  is  often  the  only  way  of  accomplishing  what  in  many 
cases  would  otherwise  be  impossible,  and  the  produce  of  mines  has 
been  in  proportion  to  the  successive  improvements  in  that  machine. 

Mines  in  high  ground  are  sometimes  drained  to  a  certain  depth 
by  an  adit  or  gallery  dug  from  the  bottom  of  a  shaft  in  a  sloping 
direction  to  a  neighbouring  valley.  One  of  these  adits  extends 
through  the  large  mining  district  of  Gwennap,  in  Cornwall ;  it  begins 
in  a  valley  near  the  sea,  and  very  little  above  its  level,  and  com- 
municates with  all  the  neighbouring  mines,  which  it  drains  to  that 
depth,  and  with  all  its  ramifications  is  30  miles  long.  Nent  Force 
Level,  in  the  north  of  England,  forms  a  similar  drain  to  the  mines 
in  Alston  Moor ;  it  is  a  stupendous  aqueduct,  nine  feet  broad,  and 
in  some  places  from  16  to  20  feet  high ;  it  passes  for  more  than 
three  miles  under  the  course  of  the  river  Nent  to  Nentsbury  engine- 
shaft,  and  is  navigated  undergroimd  by  long  narrow  boats.  Day- 
light at  its  mouth  is  seen  like  a  star  at  the  distance  of  a  mile  in  the 
interior.  Most  of  the  adits  admit  of  the  passage  of  men  and  horses, 
with  rails  at  the  sides  for  waggons. 

The  access  to  deep  mines,  as  in  Cornwall,  is  usually  by  a  series  of 
perpendicular  or  slightly  inclined  ladders,  sometimes  uninterrupted, 
but  generally  broken  at  intervals  by  resting-places.  It  is  computed 
that  one-third  of  a  miner's  physical  strength  is  exhausted  in  ascend- 
ing and  descending  a  deep  mine.  The  man-engine,  which  is  a  series 
of  platforms  fixed  on  a  perpendicular  rod  worked  by  the  steam- 
engine  is  now  used  in  a  few  of  the  deejiest  mines. 


J.  Taylor,  Esq.,  on  Combh  Mines. 
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The  greatest  depth  to  which  man  has  excavated  is  nothing  when 
compared  with  the  radius  of  the  earth.  The  Eselschacht  mine  at 
Kuttenberg,  in  Bohemia,  now  inaccessible,  which  is  3778  feet  below 
the  sm-face,  is  deeper  than  any  other  mine.  Its  depth  is  only  150 
feet  less  than  the  height  of  Vesuvius,  and  it  is  eight  times  greater 
than  the  height  of  the  pyramid  of  Cheops,  or  the  cathedral  of  Stras- 
burg.  The  Monkwearmouth  coal-mine,  near  Sunderland,  descends 
to  1500  feet  l>elow  the  level  of  the  sea,  so  that  the  barometer  stands 
there  at  31*70,  which  is  higher  than  anywhere  on  the  earth's  sur- 
face.* The  salt  works  of  Neu-Salzwerk,  in  Pmssia,  are  2231  feet 
deep,  and  1993  feet  below  the  level  of  the  sea.  Mines  on  high 
ground  may  be  very  deep  without  extending  to  the  sea-level :  that 
of  Valenciana,  near  Guanaxuato,  in  Mexico,  is  1686  feet  deep,  yet 
its  bottom  is  5960  feet  above  the  surface  of  the  sea  ;  and  the  mines 
in  the  higher  Andes  must  be  much  more.  For  the  same  reason 
the  rich  mine  of  Joachimsthal,  in  Bohemia,  2120  feet  deep,  has 
not  yet  reached  that  level.  The  fire-springs  at  Tseu-lieu-tsing, 
in  China,  are  3197  feet  deep,  but  their  relative  depth  is  un- 
known.' How  insignificant  are  all  the  works  of  man  compared 
with  nature ! 

§  4.  The  metals  are  very  profusely  diffused  over  the  earth.  Few 
countries  of  any  extent  do  not  contain  some  of  them.  A  small 
number  occur  pure,  but  in  general  they  exist  in  the  form  of  ores, 
in  which  the  metal  is  chemically  combined  with  other  substances 
and  they  are  often  so  mixed  with  earthy  matter  and  rock  that  it  is 
necessary  to  reduce  them  to  a  coarse  powder  in  order  to  separate 
the  metallic  portion,  which  is  rarely  more  than  a  third  or  fourth 
part  of  the  mass  brought  above  ground. 

Gold  is  chiefly  found  in  the  Palaeozoic  strata  where  traversed  by 
plutonic  rocks,  disseminated  in  veins  and  small  threads  or  grains  in 
the  matrix  itself ;  the  upper  part  of  the  rocks  or  veins  containing 
the  metal  is  in  general  the  richest,  decreasing  in  quantity  with  the 
depth.  Most  of  the  surface  gold  has  already  been  removed  by 
natural  causes ;  and  although  gold  is  found  in  almost  every  country, 
it  is  in  such  minute  quantities  that  it  is  often  not  worth  the  expense 
of  working.  It  is  almost  always  in  a  native  state,  and  in  the  form 
of  crystals,  grains,  or  masses  called  nuggets.  Sometimes  it  is  com- 
bined with  silver ;  but  it  is  chiefly  in  the  alluvial  deposits,  resulting 
from  the  destruction  and  disintegration  of  the  originally  auriferons 
rocks,  that  this  precious  metal  is  now  procured.  It  is  exhausted  in 
several  parts  of  Europe  where  it  was  formerly  found.     The  united 


*  Supposing  the  barometer  to  be  30  inchM  on  the  level  of  the  sea, 
'  Note  to  the  English  tran^latioii  of  Kosmos,  by  General  Sabine,  on  the 
depths  Wlow  the  surface  of  the  earth  attained  by  nmn. 
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produce  of  the  mines  in  Transylvania,  Hungary,  the  north-western 
districts  of  Austria,  and  the  bed  of  the  Danube,  is  nearly  60,000 
ounces  annually.  Gold  is  found  in  small  quantities  in  Spain,  in 
Wales,  in  Scotland  at  Leadhills,  and  in  Sutherlandshire,  and  in  the 
Wicklow  mountains  in  Ireland. 

Gold  abounds  in  Asia,  especially  in  Siberia.  The  alluvial  deposits 
at  the  foot  of  the  Ural  mountains  are  very  rich.  In  1826  a  piece 
of  pure  gold  weighing  23  poimds  was  found  there,  along  with  others 
weighing  three  or  four  pounds  each,  accompanied  by  bones  of 
elephants.  The  alluvium  there  is  ferruginous :  and  more  to  the  E., 
as  already  mentioned,  a  rich  auriferous  region  as  large  as  France 
has  lately  been  discovered,  resting  on  rocks  which  contain  it.  In 
1834  the  treasures  in  that  part  of  the  Altai  chain  called  the  Gold 
Mountains  were  discovered,  forming  a  mountain-knot  nearly  as 
large  as  England,  from  which  a  great  quantity  of  gold  has  been 
extracted.  Gold  is  found  in  Tibet,  in  the  Chinese  province  of 
Yunnan,  in  the  mountains  of  the  Indo-Chinese  peninsula,  in  Japan, 
and  Borneo.  In  the  latter  island  it  occurs  near  the  surface  in 
several  places. 

Africa  has  long  furnished  a  considerable  supply  to  Europe.  That 
part  of  the  Kong  moimtains  W.  of  the  meridian  of  Greenwich  was 
one  of  the  most  auriferous  regions  in  the  world  before  the  discoveries 
in  California.  The  auriferous  stratum  lies  from  20  to  25  feet  below 
the  surface,  and  increases  in  richness  with  the  depth.  The  gold  is 
found  in  particles  and  pieces  in  a  reddish  sand.  Most  of  the  streams 
from  the  table-land  bring  down  gold,  as  well  those  that  descend  to 
the  low  ground  to  the  N.  as  those  that  flow  to  the  Atlantic,  and 
the  Indian  Ocean,  S.  of  Mozambique. 

In  South  America  the  Western  Cordillera  is  poor  in  metals  except 
in  New  Grenada,  where  the  most  westerly  of  the  three  chains  of  the 
Andes  is  rich  in  gold  and  platinum — a  metal  found  only  there,  in 
Brazil,  and  on  the  European  side  of  the  Ural  mountains — and  all  in 
alluvial  deposits.  The  largest  piece  of  platinum  that  has  been 
found  weighed  21  ounces.  Gold  is  found  in  alluvial  deposits  on  the 
high  plains  of  the  Andes,  on  the  low  lands  to  the  E.  of  them,  and 
in  almost  all  the  rivers  that  flow  on  that  side.  The  whole  country 
between  Jaen  de  Bracamoros  and  the  river  Guaviare  is  celebrated 
for  its  metallic  riches.  Almost  all  the  Brazilian  rivers  bring  down 
gold.  The  province  of  Minas  Geraes  is  very  rich  in  gold;  and 
numerous  mines,  the  chief  of  which  is  that  of  Morro  Velho,  are 
worked.  The  gold  deposits  of  Minas  Geraes  are  all  the  produce  of 
primitive  and  metamorphic  rocks,  and  there  are  three  chief  varieties 
of  the  gold-ore — viz.  quartz-gold,  Jacutinga  (micaceous  iron  with 
free  gold  in  lines  and  pot-holes),  and  pyritic  formations  (magnetic 
iron  and  arsenical  pyrites,  in  which  gold  is  minutely  disseminated). 
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Central  America,  Mexico,  California,  and  British  Columbia  are 
auriferous  countries.  The  quantity  of  gold  recently  found  near  the 
suriace  in  California  exceeded  that  of  all  other  countries  until  the 
discovery  of  the  auriferous  deposits  in  Australia,  which  in  the  year 
1856  amounted  to  12,633,138/.  Victoria,  New  South  Wales,  and 
Queensland  all  yield  large  quantities  of  gold,  and  it  is  believed  that 
this  metal  will  ultimately  bo  found  in  connection  with  all  the 
mountain  masses  of  the  Australian  continent.  Gold-bearing  quartz 
and  alluvial  deposits  have  also  been  found  in  Tasmania,  at  some 
distance  from  Launceston ;  and  the  diggings  in  both  the  North  and 
Middle  Islands  of  New  Zealand  have  proved  very  valuable.  In 
1858,  the  gold-fields  of  British  Columbia  were  first  worked ;  and 
from  that  time  to  the  end  of  1863,  gold  to  the  value  of  3,000,000i. 
was  exported.  The  precious  metal  exists  in  all  the  tributaries  of 
the  Frazer,  of  which  more  than  60  are  known.  The  most  productive 
goldfield  is  that  of  Cariboo,  lying  between  the  Quesnelle  Lake  and 
the  Upixjr  Frazer.  Gold  has  also  been  found  to  some  extent  in  the 
S.  of  Vancouver  Island,  i)articularly  in  the  valley  of  the  Sooke 
River.  A  considerable  quantity  is  foimd  in  Tenessee,  the  mountains 
of  Georgia,  and  on  1000  square  miles  of  North  Carolina;  in  fact,  it 
is  found  at  intervals  from  Canada  to  Georgia,  and  it  is  now  found 
in  Nova  Scotia. 

A  great  deal  of  silver  is  raised  in  Europe.  The  mines  of  Hungary 
are  the  most  productive,  especially  those  in  the  mountains  of  Chem* 
nitz.  The  metalliferous  mountains  of  the  Erzgebirge  are  very  rich, 
and  also  the  mines  near  Christiania,  in  Sweden.  Silver  is  found  in 
Saxony,  Transylvania,  and  Austria.  The  lead-mines  of  England 
produced,  in  1867,  215,400/.  worth  of  this  metal.  In  no  part  of  the 
old  continent  is  silver  in  greater  abundance  than  in  the  Ural  and 
Altai  mountains,  especially  in  the  district  of  Kolyvan.  lliere  are 
silver-mines  in  Armenia,  Anatolia,  Tibet,  China,  Cochin-China,  and 
Japan. 

The  richness  of  the  Andes  in  silver  can  hardly  be  conceived,  but 
the  mines  arc  frequently  on  such  high  ground  that  the  profits  are 
diminished  by  the  difficulty  of  carriage,  the  expense  of  living  in 
a  barren  country,  sometimes  destitute  of  water,  where  the  miners 
suffer  from  cold  and  snow,  and  esi)ecially  the  want  of  fuel.  This  is 
particularly  the  case  at  the  silver-mines  of  Copiapo,  in  Chile,  where 
the  country  is  utterly  barren,  and  not  a  drop  of  water  is  to  be  found 
in  a  circuit  of  nine  miles,  lliese  mines  were  discovered  by  a  poor 
man  in  1832,  who  hit  upon  a  mass  of  silver  in  rooting  out  a  tree. 
They  extend  over  150  square  leagues.  16  veins  of  silver  were 
found  in  the  first  four  days,  and,  before  three  weeks  elapsed,  40 
more,  not  reckoning  smaller  ramifications.  The  rolled  pieces  which 
lay  on  the  surface  produced  a  large  quantity  of  pure  silver.    A  single 
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mass  weighed  5000  pounds.*  With  Mexicx),  Chile  is  now  the 
country  most  productive  in  silver. 

In  the  mines  of  Copiapo  the  silver-veins  are  sometimes  cut  ofiF  by 
a  dyke  of  limestone,  but  on  the  underside  of  the  dyke  it  is  found 
richer  than  ever,  and  crowned  by  a  mass  of  pure  silver,  varying 
in  weight  from  hundreds  to  even  thousands  of  marcs.  It  often 
happens  that  vegetation  is  poor  where  mineral  riches  are  great, 
especially  in  the  countries  where  silver,  lead,  and  coal  are  found. 
It  is  particularly  the  case  in  Atacama,  where  an  immense  and  con- 
fused mass  of  sand  and  rocks  of  every  colour  and  shade  has  the 
appearance  of  great  cities  destroyed  by  some  terrible  earthquake 
and  then  discoloured  by  fire.  Yet  even  here  a  peculiar  beauty 
sometimes  prevails.  Patches  and  streaks  having  every  colour  of  the 
rainbow — from  the  green  of  the  most  luxuriant  vegetation  to  the 
most  brilliant  yellow  and  red — point  out  the  localities  of  immense 
deposits  of  copper  and  oxides  of  iron.  These  and  the  varied  colours 
of  quartz  and  porphyritic  rocks,  when  heightened  by  the  tints  of  a 
setting  sun,  gradually  subsiding  from  the  brighter  colours  into  rose, 
then  purple,  and  lastly  a  fading  neutral  tint,  in  a  calm,  pure,  and 
transparent  atmosphere,  are  surpassingly  beautiful.' 

In  Peru  there  are  silver-mines  along  the  whole  range  of  the 
Andes,  from  Caxamarca  to  the  desert  of  Atacama.  The  most  pro- 
ductive at  present  are  those  of  Pasco,  which  were  discovered  by 
an  Indian  in  1630.  They  have  been  worked  without  interruption 
since  the  beginning  of  the  17th  century.  The  soil  under  the 
town  of  Pasco  is  metalliferous,  the  ores  probably  forming  a  series  of 
beds  contemporaneous  with  the  strata.  The  richness  of  these  beds 
is  not  everywhere  the  same,  but  the  nests  of  ore  are  nimierous. 
The  mines  of  Potosi,  16,150  feet  above  the  sea-level,  are  celebrated 
for  riches,  but  the  owners  have  to  contend  with  all  the  difficulties 
which  such  an  elevated  situation  imposes.  The  small  de]}th  at 
which  the  silver  lies  in  the  high  peaks  of  the  Andes,  and  the  greater 
abundance  of  it  near  the  surface,  is  probably  owing,  as  has  been 
already  stated  in  speaking  of  gold,  to  the  greater  de^wsition  of  the 
aublimed  mineral  from  refrigeration  near  the  surface.  Ilie  ore  in 
the  mines  at  Chota  is  near  the  surface  over  an  extent  of  half  a 
square  league,  and  the  filaments  of  silver  are  sometimes  even  en- 
twined with  the  roots  of  the  grass.  This  mine  is  13,300  feet  above 
the  level  of  the  sea,  and  even  in  summer  the  thermometer  is  below 
the  freezing-point  in  the  night.  In  the  district  of  Huantajaya,  not 
far  from  the  shores  of  the  Pacific,  there  are  mines  where  masses 
of  pure  silver  were  found,  of  which  one  weighed  800  pounds.^    A 

»  Dr.  Poppig*8  'Travels  in  Chile  and  Peru.* 
•  Colonel  Lloyd  on  the  Mines  of  Copia|M>.  •  Dr.  Poppig. 
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Urge  amount  of  silver  is  found  in  the  Great  Basin  W.  of  the  Rocky 
Mountains,  and  is  worked  in  the  territory  of  J^evada.  In  four 
years,  silver  to  the  value  of  eleven  millions  of  pounds  sterling  was 
sent  out  from  this  district  alone. 

According  to  Humboldt,  the  quantity  of  the  precious  metals 
brought  to  Europe  between  the  discovery  of  America  and  the  year 
1803  was  worth  1257  millions  sterling ;  and  the  silver  alone  taken 
from  the  mines  during  that  period  would  form  a  ball  89  feet  in 
diameter.  The  disturbed  state  of  the  South  American  republics 
and  the  high  price  of  quicksilver  long  interfered  with  the  working 
of  the  mines,  but  quicksilver  is  now  obtained  in  California. 

Lead-ore  is  very  often  combined  with  silver,  and  is  then  called 
Argentiferous  Galena.  It  is  one  of  the  principal  productions  of  the 
British  mines,  especially  in  the  northern  mining  district,  which 
occupies  400  square  miles  at  the  junction  of  Northumberland,  Cum- 
berland, Westmoreland,  Durham,  and  Yorkshire.  It  comprises 
Alston  Moor,  the  mountain-ridge  of  Cross-fell,  and  the  dales  of 
Derwent,  East  and  West  Allendale,  the  Wear,  and  Tees.  There 
are  other  extensive  mining  tracts  separated  from  this  by  cultivated 
ground.  1  he  principal  products  of  this  rich  district  are  lead  and 
copper.  The  lead-mines  lie  chiefly  in  the  upper  dales  of  the  Tyne, 
Wear,  and  Tees,  and  most  of  the  ore  contains  a  proportion  of  silver, 
though  not  always  enough  to  indemnify  the  expense  of  refining  or 
separating  the  silver.  The  deleterious  vapours  resulting  from  this 
process  are  conveyed  in  a  tube  along  the  surface  of  the  ground  for 
14  miles ;  and  instead  of  being,  as  formerly,  a  dead  loss  to  the  pro- 
prietor, they  are  condensed  in  their  passage,  and  in  one  instance 
yielded  metal  to  the  annual  value  of  10,0002.^  The  total  amount 
of  lead  produced  from  the  mines  of  the  United  Kingdom  alone,  in 
1867,  was  93,432  tons,  and  of  silver  from  their  argentiferous  galenas 
805,394  ounces. 

Lead-mines  are  worked  in  France,  but  not  to  any  great  amount ; 
those  of  the  S.  of  Spain  furnish  large  quantities  of  this  metal ;  also 
in  Saxony,  Bohemia,  and  Carinthia,  where  they  are  very  rich. 
Lead  is  not  very  frequently  found  in  Siberia,  though  it  does  occur 
in  the  Nertchinsk  mining  district,  in  the  basin  of  the  river  Amur. 
It  is  also  a  production  of  Japan,  of  China,  of  the  peninsula  beyond 
the  Ganges,  of  Lower  Peru,  Mexico,  and  California.  But  the  meet 
extensive  lead-mines  known  in  the  world  are  in  North  America. 
They  lie  on  both  sides  of  the  Upper  Mississippi,  and  generally 
throughout  the  western  section  of  the  United  States  as  well  as  in 
the  States  on  the  Atlantic.  They  are  extensively  worked,  and 
were  more  so  before  the  discovery  of  gold  in  California.    The  lead- 


1  Constructed  under  the  direction  of  Thomai  Sopwith,  Esq. 
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mines  in  the  valley  of  the  Upper  Mississippi  are  of  truly  wonderful 
extent,  spreading  over  an  area  of  3,600  square  miles,  and  the  metal 
lies  near  the  surface. 

Quicksilver — a  metal  so  important  in  separating  silver  from  its 
ores,  and  in  various  arts  and  manufactures  as  well  as  in  medicine — 
oconrs  either  liquid  in  the  native  state  or  combined  with  sulphur  in 
that  of  cinnabar.  It  is  foimd  in  the  mines  of  Idria  and  some  other 
places  in  the  Austrian  empire^  in  the  Palatinate  on  the  left  bank 
of  the  Bhine,  in  several  parts  of  Tuscany,  and  in  Spain.  The 
richest  quicksilver-mines  of  Europe,  at  the  present  day,  are  those  of 
Almaden,  where  the  quicksilver  is  found  in  the  state  of  sulphuret 
chiefly  disseminated  in  the  Silurian  strata.  These  mines  were 
worked  700  years  before  the  Christian  era,  and  as  many  as  1200 
tons  of  the  metal  are  extracted  annually.  It  occurs  in  China, 
Japan,  and  Ceylon,  at  San  Onofrio  in  Mexico,  and  in  Peru  at 
Huancavelica,  the  mines  of  which,  now  almost  abandoned,  pro- 
duced, up  to  the  beginning  of  the  present  century,  the  enormous 
quantity  of  54,000  tons  of  quicksilver.  There  is  a  mine  of  quick- 
^▼er,  probably  unrivalled  in  richness,  20  miles  from  San  Josd, 
in  the  Clara  valley  of  California,  and  three  or  four  of  cinnabar,  the 
sulphuret  of  mercury,  which  were  known  to  the  Indians,  who  used 
the  cinnabar  to  paint  themselves.  At  one  time  there  were  more 
than  two  millions  of  pounds  weight  of  ore  lying  at  the  mouth  of  the 
mine,  from  whence  it  is  carried  in  skin  sacks  on  the  shoulders  of 
men.  It  is  supposed  that  this  ore  will  produce  50  per  cent,  of  pure 
quicksilver. 

Copper  is  of  such  common  occurrence  that  it  would  be  vain  to 
enomerate  the  localities  where  it  is  found.  It  is  produced  in  Africa, 
in  Persia,  India,  China,  and  Japan.  The  copper-mines  in  the  United 
States  of  Korth  America  are  probably  the  richest  and  most  exten- 
sive in  the  world,  especially  those  of  Lake  Superior,  where  masses 
50  tons  weight  of  pure  copper  have  been  found,  and  in  the  Cleff 
mine  even  of  60  or  80  tons,  and  a  stratum  of  pure  copper  three  feet 
thick  has  been  cut  through.  Copper,  as  rich  as  any  on  Lake 
Superior,  is  found  in  Queensland  and  the  interior  of  Australia.  The 
Siberian  mines  are  very  productive  both  in  ore  and  native  copper. 
The  choicest  specimens  of  malachite,  the  most  beautiful  of  its  ores, 
come  from  Siberia.  Almost  every  country  in  Europe  yields  copper. 
The  mines  in  Sweden,  Norway,  and  Germany  are  very  productive  ; 
and  it  forms  a  principal  part  of  our  own  mineral  wealth.  It  is 
raised  in  all  the  principal  mining  districts  in  England  and  Wales. 
Li  Cornwall  and  Devon,  where  they  are  often  associated  with  tin, 
its  ores  produced  10,233  tons  of  pure  metal  in  1867.  llie  period  at 
which  the  Cornish  mines  were  first  worked  j^oes  far  beyond  history, 
or  even  tradition :  certain,  however,  it  is  that  the  Phoenicians  came 


Chap.XVIL  diffusion  OF  HETALa  ill 

to  Britain  for  tin.  Probably  copper  wu  also  irorked  Tciy  wrij  in 
smftll  quantities,  for  ite  eiportatioD  vas  forbidden  in  tiie  time  of 
Henry  VIII.  It  w&a  only  in  the  beginning  of  the  18th  century 
that  tha  Cornish  copper-minea  were  worked  with  ancceat,  by  aid  of 
the  steam-engine  and  of  an  improved  machine  for  draining  tbem.' 

In  Cornwall  and  Devonahire,  clay-stale  rests  upon  granite,  and  U 
trarersed  by  porphyritic  dykes.  The  veins  which  contain  copper  or 
tin,  or  both,  run  E.  and  W.,  and  penetral«  both  the  granite  and 
the  clay-slate.  The  non-metal  I  ifcrous  veins  run  N.  and  S. ;  and  if 
veins  in  that  direction  do  contain  any  metal,  it  is  never  tin  or 
copper,  but  lead,  silver,  cobalt,  or  antimony,  which,  with  little 
exception,  are  believed  to  be  always  in  the  clay-Blale.  No  miner  in 
Cornwall  has  ever  seen  the  end  or  bottom  of  a  vein ;  their  width 
varies  from  the  thickness  of  a  sheet  of  paper  to  30  feet ;  the  average 
is  from  one  to  three  feel.  It  rarely  happens  that  either  tin  or 
copper  is  found  nearer  the  surface  than  80  or  100  feet.  If  tin  be 
fimt  .discovered,  it  sometimes  disappears  after  sinking  the  mine  100 
feet  deeper,  when  copper  is  found,  and  in  some  inittances  tin  is 
found  1000  feet  deep  without  a  trace  of  copper  ;  but  if  copper  is  first 
discovered,  it  is  very  rarely  succeeded  by  tin.  Tin  is  found  in 
rolled  pieces,  in  alluvial  beds  of  sand  and  trravel,  and  is  then  called 
stream-tin.  With  the  exception  of  the  Indian  Archipelago,  of  all 
countries  England  is  the  most  productive  in  tin-ores,  which  in  1867 
gave  8T0O  tons  of  the  pure  metal.  The  most  valuable  tin-minea 
on  the  continent  of  Europe  are  those  in  Saxony ;  it  also  occnrs  in 
France,  ISohemia,  and  Spain.  One  of  the  richest  deposits  of  tin 
known  is  in  the  province  of  Tenasserim,  on  the  E.  side  of  the  gulf 
of  Martaban,  in  the  Malayan  pcninsuU.  These  deposits  occur  in 
several  parts  of  that  country  ;  the  richest  is  a  layereight  or  ten  feet 
thick  of  sand  and  gravel,  in  which  masses  of  oiide  of  tin  are  some- 
times the  size  of  a  pigeon's  egg.  The  best  of  all  comes  from  the 
island  of  Danca,  at  the  extremity  of  the  peninsula  of  Malacca ;  a 
lai^e  portion  of  it  is  imported  into  Britain,  and  much  goes  to  China. 
It  is  found  in  the  alluvial  tracts  through  every  jiart  of  the  island, 
rarely  more  than  2.'i  feet  below  the  surface.  The  whole  tin-field 
extends  at  intervals  over  IT  degrees  of  latitude,  and  its  product)  is 
double  that  of  Cornwall.  Great  de;x)sits  occur  also  in  the  Siberian 
mining  district  of  Nerlchinsk,  near  the  desert  of  the  Oreat  (lobi, 
and  near  Oruro,  in  Bolivia;  and  stream-tin  has  been  recently  dis- 
covered in  the  auriferous  depoeits  of  South  Australia. 

There  are  comparatively  few  coal-mine*  worked  within  the 
tropics  i  they  are  mostly  in  the  temperate  zones,  especially  between 
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the  Arctic  Circle  and  the  Tropic  of  Cancer  ;  and  as  iron,  the  most 
useful  of  metals,  is  chiefly  found  in  the  carboniferous  strata,  it 
follows  the  same  distribution.  In  fact,  the  most  productive  iron- 
mines  yet  known  are  in  the  temperate  zones.  In  the  eastern  mining 
district  of  Siberia,  in  the  valley  of  the  river  Vilui,  the  ores  are  very 
rich,  and  very  abundant  in  many  parts  of  the  Altai  and  Ural.  In 
the  latter  the  mountain  of  Blagod,  at  1534  feet  above  the  sea,  is 
one  mass  of  magnetic  iron-ore.*  Coal  and  iron  are  worked  in  so 
many  parts  of  Northern  China,  Japan,  India,  and  Eastern  Asia, 
that  it  would  be  tedious  to  enumerate  them. 

In  Europe  the  richest  mines  of  iron,  like  those  of  coal,  lie  chiefly 
N.  of  the  Alps.  Sweden,  Norway,  Russia,  Germany,  Styria, 
Belgium,  and  France,  all  contain  it  plentifully.  In  Britain  many 
of  the  coal-fields  contain  subordinate  beds  of  a  rich  argillaceous 
iron-ore,  interstratified  with  coal,  worked  at  the  same  time  and  in 
the  same  manner;  besides,  there  is  a  substratum  of  limestone, 
which  serves  as  a  flux  for  melting  the  metal.  The  principal  mines 
lie  round  Birmingham,  in  the  Staffordshire  coal-field,  in  the  great 
coal-basin  of  South  Wales  about  Pontypool  and  Merthyr  Tydvil, 
and  in  Scotland  a1x)ut  Glasgow.  There  are  extensive  iron-mines  in 
Staffordshire,  Shropshire,  North  and  South  Wales,  Yorkshire,  and 
Derbyshire.  It  would  be  impossible  to  state  the  number  of  mines 
which  yield  iron  sufficient  for  our  own  enormous  consumption  and 
for  exportation ;  but  an  idea  may  be  formed  of  their  extent  when 
it  is  stated  that  in  1867  they  furnished  10,021,058  tons  of  ore  for 
the  supply  of  551  i  blast-furnaces,  which  produced  4,761,023  tons 
of  pig-iron,  valued  at  11,902,557/.  sterling. 

§  6.  These  productive  mines  would  have  been  of  no  avail  had 
it  not  been  for  the  abundance  of  fuel  with  which  the  greater  part 
of  them  in  the  N.  of  England,  Scotland,  and  Wales  are  associated 
— ^the  great  source  of  our  national  wealth,  more  precious  than  mines 
of  gold.  Most  of  the  coal-mines  would  have  been  inaccessible  but 
for  the  means  which  their  produce  affords  of  draining  them  at  a 
small  expense.  A  bushel  of  coals,  which  costs  only  a  few  pence, 
in  the  furnace  of  a  steam-engine  generates  a  power  which  in  a  few 
minutes  will  raise  20,000  gallons  of  water  from  a  depth  of  360  feet 
— an  effect  which  could  not  be  accomplished  in  a  shorter  time  than 
a  whole  day  by  the  continuous  labour  of  20  men  working  with 
the  common  pump.  Yet  this  circumstance,  so  far  from  lessening 
the  demand  for  human  labour,  has  caused  a  greater  number  of  men 
to  be  employed  in  the  mines. 

The  coal-strata  lie  in  basins,  dipping  from  the  sides  towards  the 


>  M.  Erman's  '  TravelB  in  Siberia.' 
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centre,  which  is  often  at  a  vast  depth  below  the  surface  of  the 
ground.  The  centre  of  the  Li^ge  coal-basin  is  21,358  feet  or  3J 
geographical  miles  deep,  which  is  easily  estimated  from  the  dip,  or 
inclination,  of  the  strata  at  the  edges,  and  the  extent  of  the  basin. 
The  coal  lies  in  strata  of  small  thickness  and  great  extent.  It  varies 
in  thickness  from  three  to  nine  feet,  though  in  some  instances 
several  layers  come  together,  and  then  it  is  20  and  even  30  feet 
thick ;  but  these  layers  are  interrupted  by  frequent  dislocations, 
which  raise  the  coal-seam  towards  the  surface.  These  fissures, 
which  divide  the  coal-field  into  insulated  masses,  are  filled  with 
clay,  so  that  an  accumulation  of  water  takes  place,  which  must  be 
pumped  up. 

There  are  four  great  coal-fields  in  England :  in  1867  the  produce 
of  these  and  of  the  Welsh  mines  amounted  to  90  millions  of  tons. 
Should  the  produce  continue  at  that  rate,  it  has  been  computed 
that  this  coal -area  will  be  exhausted  in  less  than  1000  years  unless 
means  be  discovered  of  working  to  a  greater  depth  than  2000  feet, 
the  obstacles  being  the  creep  or  slow  tendency  of  the  roof  and  floor 
of  the  mine  to  meet  from  the  increased  pressure,  and  the  want  of 
more  effectual  ventilation  to  overcome  the  increase  of  the  earth's 
temperature ;  probably  both  will  be  overcome  :  however,  this  esti- 
mate is  independent  of  the  Scotch  and  Irish  coal. 

The  splendid  discovery  of  Sir  Humphry  Davy,  that  flame  does 
not  pass  through  fine  wire  gauze,  prevents  the  fatal  explosion  of 
inflammable  air  in  the  mines,  by  which  thousands  of  lives  have 
been  lost.  By  means  of  a  light  enclosed  in  a  wire-gauze  lantern,  a 
miner  now  works  with  safety  surrounded  by  fire-damp.  To  the 
honour  of  the  illustrious  author  of  this  discovery,  be  it  observed 
that  it  was  not,  like  that  of  gunpowder  and  others,  the  unforeseen 
result  of  chance  by  new  combinations  of  matter,  but  the  solution  of 
a  question  based  on  scientific  experiment  and  induction,  which  it 
required  the  genius  of  a  philosophic  mind  like  Davy*s  to  arrive  at. 
However,  it  is  now  doubted  whether  Davy's  lamp  is  a  protection  on 
all  occasions ;  yet  it  never  fails  to  give  warning  of  danger  by  the 
manner  in  which  it  bums. 

The  Scotch  coal-field  is  a  most  important  one,  and  occupies 
the  great  central  low  land  of  Scotland,  lying  between  the  southern 
high  lands  and  the  Highland  mountains ;  the  whole  of  that  wide 
tract  is  occupied  by  it,  besides  which  there  are  others  of  less  extent. 
In  1867  the  Scotch  collieries  produced  14,125,943  tons  from  485 
collieries.  Coal  has  been  found  in  17  counties  in  Ireland,  but  the 
principal  coal  districts  taken  together  only  produced  about  125,000 
tons. 

llius  there  is  coal  enough  in  the  British  Islands  to  last  more 
than  a  thousand  years ;  and  were  it  exhausted,  our  friends  across 
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the  Atlantic  have  enough  to  supply  the  world  for  ages  uncount- 
able.» 

The  carboniferous  strata  are  enormously  developed  in  the  States 
of  North  America.  The  Appalachian  coal-field  extends  without 
interruption  720  miles,  with  a  maximum  breadth  of  280  miles,  from 
the  northern  border  of  Pennsylvania  to  near  Huntsville,  in  Alabama, 
occupying  an  area  of  63,000  square  miles.  It  is  intersected  by 
three  great  navigable  rivers — ^the  Monongahela,  the  Alleghany,  and 
the  Ohio— which  expose  to  view  the  seams  of  coal  on  their  banks. 
The  Pittsburg  seam,  10  feet  thick,  exposed  on  the  banks  of  the 


'  There  are  3224  collieries  in  Britaio,  in  which  307,000  men  and  boys 
are  employed :  the  greatest  depth  attained  is  2500  feet,  and  many  of  the 
mines  are  of  yast  extent.  The  Workington  and  Whitehaven  coal-mines 
extend  a  mile  under  the  sea ;  several  shafts  in  the  latter  are  100  fathoms 
deep;  and  it  is  one  of  the  finest  in  England  for  extent  and  thickness  of 
strata,  some  of  the  seams  being  nine  feet  thick,  yielding  in  1867  from  25 
collieries  1,512,514  tons. 

In  the  year  1867  the  value  of  the  mineral  produce  of  Great  Britain 
reached  enormous  amounts,  namely — 

£ 

Silver 215,400 

Copper        831,761 

Iron 11,902,557 

Lead 1,337,509 

Tin      799,203 

Zinc 79,693 

Salt 836,963 

Other  metals  and  minerals        ..       1,260,540 
Coal 26,125,145 

Total £43,388,771 

At  present  there  are  upwards  of  104,000,000  of  tons  of  coals  raised  in 
Great  Britain  annually,  including  the  quantity  exported  to  our  colonies 
and  to  foreign  countries,  amounting  to  nearly  10,000,000  of  tons. 

Tlie  iron  made  in  Britain  in  1860  amounted  to  10,021,058  tons. 

The  produce  of  our  copper-mines  has  increased  greatly  within  the  last 
60  years,  and  in  1867  amounted  to  10,233  tons  of  pure  metal.  The 
quantity  of  tin  has  also  increased  from  our  own  mines  to  7296  tons  in 
1867,  and  also  from  the  extensive  importation  of  that  metal  from  the 
Eastern  Archipelago,  where  the  country  yielding  stream-tin  extends  from 
7**  N,  lat.  to  3°  S.  lat.  The  produce  from  the  latter  country  imported  into 
Great  Britain  in  1867  amounted  to  5428  tons  of  pure  metal. 

1,949,483  tons  of  British  coal  were  imported  into  France  in  1867. 

Belgium  is  next  in  importance  to  England  as  a  coal-producing  country. 
In  Britain  the  coal-fields  occupy  one-twentieth  part  of  the  area  of  the 
country — in  Belgium  one  twenty-second  part — in  France  one  two  hundred 
and  tenth  part  of  its  area. 

The  quantity  of  coal  raised  in  1866  was — 

In  Belgium        12,774,662  tons. 

„  Germany       27,000,000    „ 
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Ifonongahela,  extends  horizontally  225  miles  in  length  and  100  in 
breadth,  and  covers  an  area  of  14,000  square  miles,  so  that  this 
seam  of  coal  may  be  worked  for  ages  almost  on  the  surface,  and  in 
many  places  literally  so.  Indeed,  the  facility  is  so  great  that  it  is 
more  profitable  to  convey  the  coal  by  water  to  New  Orleans,  1100 
miles  distant,  than  to  cut  down  the  trees  with  which  the  country  is 
covered  for  fuel,  and  which  may  be  had  for  the  expense  of  felling. 
The  coal  is  bituminous,  similar  to  the  greater  part  of  the  British 
coal ;  forty  miles  to  the  E.,  however,  among  the  ridges  of  the  Appi^ 
lachian  chain,  there  is  an  extensive  outljring  member  of  the  great 
coal-field,  which  yields  anthracite,  a  species  of  coal  which  has  the 
advantage  of  burning  without  smoke. 

In  the  western  States,  the  Illinois  coal-field,  which  occupies  part 
of  Illinois,  Indiana,  and  Kentucky,  is  as  large  as  England,  and  con- 
sists of  horizontal  strata,  with  numerous  seams  of  rich  bituminous 
coal.  There  is  a  vast  coal-field  also  in  Michigan.  Large  areas  in 
New  Brunswick  and  Nova  Scotia  abound  in  coal,  and  good  coal  is 
worked  at  Nanaimo  in  Vancouver  Island ;  150  to  300  tons  daily 
were  taken  out  in  1867,  near  the  Red  River,  and  various  other 
parts  of  British  America.  Iron  is  worked  in  many  parts  of  the 
United  States,  from  Connecticut  to  South  Carolina.* 

The  tropical  regions  of  the  globe  have  been  so  little  explored  that 
no  idea  can  be  formed  of  the  quantity  of  coal  or  iron  they  contain ; 
but  as  iron  is  so  universal,  it  is  probable  that  coal  is  not  wanting. 
It  is  found  in  Formosa.  Both  abound  in  Borneo,  and  in  various 
parts  of  tropical  Africa  and  America.  There  is  comparatively  so 
little  land  in  the  southern  temperate  zone,  that  the  mineral  produce 
must  be  more  limited  than  in  the  northern,  yet  Australia,  Tas- 
mania, and  New  Zealand  are  rich  in  coal  and  iron. 

§  6.  Arsenic,  used  in  the  arts  and  manufactures,  is  generally 
found  combined  with  iron  and  sulphur  in  many  countries  as  well  as 
our  own.  Manganese,  zinc,  bismuth,  and  antimony  are  raised  to  a 
considerable  amount.  As  the  qualities  of  the  greater  part  of  the 
more  rare  metals  are  little  known,  they  have  hitherto  been  interest- 
ing chiefly  to  the  mineralogist  and  chemist. 

The  mines  of  rock-salt  in  Cheshire  seem  to  be  inexhaustible. 
Enormous  deposits  of  salt  extend  600  miles  on  each  side  of  the  Car- 
pathian mountains,  and  throughout  wide  districts  in  Austria,  Gral- 
licia,  Tuscany,  and  Spain.  It  would  not  be  easy  to  enumerate  the 
places  in  Asia  where  rock-salt  has  been  found.  Armenia,  Syria, 
and  extensive  tracts  in  the  Punjab  abound  in  it,  also  China  and  the 
Ural  district ;  and  the  Andes  contain  vast  deposits  of  rock-salt, 
some  at  great  heights. 

>  Sir  Charies  Ljell's  <  Travels  in  the  United  SUtes  of  North  Amtrioiw' 
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Volcanic  countries  in  both  continents  yield  sulphur.  Italy  and 
Sicily,  where  it  is  in  the  tertiary  marine  strata,  are  the  magazines 
which  supply  the  greater  part  of  the  manufactures  of  Europe.  It  is 
often  beautifully  crystallized.  Asphalt,  nitre,  and  alum  are  found 
in  yarious  parts  of  Europe  and  Asia ;  natron  is  procured  from  small 
lakes  in  an  oasis  on  the  W.  of  the  Valley  of  the  Nile ;  nitrate  of 
soda,  now  extensively  used  in  agriculture  and  in  chemical  manufac- 
tures, in  the  desert  of  Tarapaca,  in  Peru ;  and  naphtha,  or  petroleum, 
in  immense  quantities,  in  Canada  and  the  United  States.  Petroleum 
is  also  found  in  Wallachia,  and  in  small  quantities  in  Derbyshire,  in 
England.  The  petroleum  obtained  from  America  must  be  dis- 
tinguished from  the  paraffin  and  other  mineral  oils  procured  by  the 
destructive  distillation  of  coal  and  bituminous  shale  in  England  and 
Scotland. 

§  7,  The  diffusion  of  precious  stones  is  very  limited.  Diamonds 
are  found  in  a  soil  of  sand  and  gravel,  and  in  the  beds  of  rivers. 
Brazil  furnishes  most  of  the  diamonds  of  commerce ;  they  are  the 
produce  of  tracts  on  each  side  of  the  Sierra  E8pinha9o,  and  of  a  dis- 
trict watered  by  some  of  the  affluents  of  the  Rio  Sao  Francisco. 
During  the  century  ending  in  1822,  diamonds  were  collected  in 
Brazil  to  the  value  of  3,000,000/.  sterling,  one  of  which  weighed 
1381  carats.  In  1863,  a  diamond  weighing  254^  carats  in  its  rough 
state  was  found  by  a  negress  in  the  Province  of  Minas  Geraes.  It  is 
called  the  "  Star  of  the  South,"  and  was  shown  at  the  Great  Ex- 
hibition in  London  in  1862.  The  celebrated  mines  of  Golconda  have 
produced  many  splendid  diamonds :  they  are  also  found  in  Borneo, 
which  produced  one  weighing  367  carats,  valued  at  269,378/.  The 
eastern  parts  of  the  Tian-Shan,  on  the  great  platform  of  Asia,  and 
a  wide  district  of  the  Ural  Mountains,  yield  diamonds,  and  they 
have  lately  been  found  in  the  basin  of  the  Orange  River,  in  South 
AMca. 

The  ruby  and  sapphire,  which  have  the  same  crystalline  form, 
are  found  in  Ceylon,  in  the  gravel  of  streams.  'Ilie  rubies  at 
Gharan,  near  to  the  river  Oxus,  are  imbedded  in  limestone.  The 
gravel  of  rivulets  in  the  Birman  empire  contains  the  oriental,  star, 
and  opalescent  rubies.  The  spinelle  also  occurs  in  that  country  in 
a  district  five  days'  journey  from  Ava.  The  blue,  green,  yellow, 
and  white  sapphires  are  the  produce  of  the  Birman  empire. 

The  finest  emeralds  come  from  veins  in  a  blue  slate,  of  the  age  of 
our  lower  chalk  strata,  in  the  valley  of  Muzo,  in  New  Granada.^ 
Beryls  are  found  in  Brazil,  and  in  the  old  mines  in  Mount  Zebarah, 


*  This  cnriotui  geological  Bftct  has  been  established  by  the  discoreries  of 
Professor  Lewy,  who  has  sent  to  Paris  specimens  in  which  crystals  of 
emerald  and  greensaad  fossils  are  imbedded. 
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In  Upper  Egypt.    Those  of  Hungary  and  of  the  Heubach  Valley, 
near  &ilzburg,  are  very  inferior  in  colour  and  quality. 

Mexico,  Hungary,  and  Bohemia  yield  the  finest  opals ;  the  moat 
esteemed  are  opaque,  of  a  pale  brown,  and  shine  with  the  most 
brilliant  iridescence;  some  are  white,  transparent,  or  semi-trana- 
parent,  and  radiant  in  colours.  The  most  beautiful  garnets  come 
from  Bohemia  and  Hungary ;  they  are  found  in  the  Harz  Moun- 
tains, Ceylon,  and  many  other  localities.  The  turquoise  is  a  Persian 
gem,  of  which  there  are  two  varieties ;  one  is  supposed  to  be  the 
enamel  of  the  tooth  of  a  fossilized  mastodon,  the  other  a  purely 
mineral  substance.  Badakshan,  in  the  Beloot-Tagh,  is  the  principal 
locality  of  the  lapis  lazuli.  This  beautiful  mineral  is  also  found  in 
several  places  of  the  Hindoo  Koosh,  in  the  hills  of  Istalif,  N.  of 
Gabool,  in  Tibet,  and  in  the  Baikal  mountains,  in  Siberia. 

The  cat's-eye  is  peculiar  to  Ceylon.  Topazes,  beryls,  and  ame- 
thysts are  of  very  common  occurrence,  especially  in  Brazil  and 
Siberia.  They  are  little  valued,  and  scarcely  accounted  gems. 
Agates  are  so  beautiful  on  the  table-land  of  Tibet,  and  in  some 
parts  of  the  desert  of  the  Great  Gobi,  that  they  form  a  considerable 
article  of  commerce  with  China,  and  some  are  brought  to  Rome, 
where  they  are  cut  into  cameos  and  intaglios.  But  the  greater  part 
of  the  agates,  cornelians,  and  chalcedonies  used  in  Europe  are  found 
in  the  trap-rocks  round  Oberstein,  in  the  Palatinate. 

Thus,  by  her  unseen  ministers,  electricity  and  reciprocal  action,  the 
great  artificer  Nature  has  adorned  the  depths  of  the  earth  and 
the  heart  of  the  mountains  with  her  most  admirable  works,  filling  the 
veins  with  metals,  and  building  the  atoms  of  matter,  with  the  most 
elegant  and  delicate  symmetry,  into  innumerable  crystalline  forma 
of  inimitable  grace  and  beauty.  The  calm  and  still  exterior  of  the 
earth  gives  no  indication  of  the  activity  that  prevails  in  its  bosom, 
where  treasures  are  preparing  to  enrich  future  generations  of  man. 
Gold  will  still  be  sought  for,  and  the  diamond  will  be  gathered 
among  the  debris  of  the  mountains,  while  time  endures. 
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CHAPTER    XVIII. 


THB  OCEAN. 

§  1.  Extent  of  the  ocean ;  variation  in  depth ;  its  colctur  and  pressure. 
§  2.  Saltness  of  the  ocean;  ita  point  of  congelation.  §  3.  Causes  of 
tides ;  course  of  the  tidal  wave ;  waves  arising  from  the  friction  of  the 
wind.  §  4.  Currents,  how  caused ;  their  direction ;  effects  on  voyages ; 
great-circle  sailing.  §  5.  Temperature  of  the  ocean;  stratum  of 
constant  temperature ;  line  of  maximum  temperature.  §  6.  Icebergs ; 
their  size  and  danger  to  navigation;  polar  ice;  submarine  currents. 
§  7.  The  north-west  passage  ;  attempts  to  accomplish  it ;  expeditions  of 
Franklin,  CoUinson,  and  M^Clure;  MK^lintock's  discovery  of  the  relics 
of  the  lost  Franklin  party.  §  8.  Inland  seas;  the  Baltic,  Black  Sea, 
and  Mediterranean ;  Sea  of  Okhotsk,  Red  Sea,  Persian  Gulf,  &c. 

§  1.  The  ocean,  which  fills  a  deep  cavity  in  the  globe,  jind  covers 
three-fourths  of  its  surface,  is  so  unequally  distributed  that  there  is 
three  times  more  land  in  the  northern  than  in  the  southern  hemi- 
sphere. The  torrid  zone  is  chiefly  occupied  by  sea,  and  only  one  13th 
part  of  the  land  on  one  side  of  the  earth  has  land  opposite  to  it  on  the 
other.  The  form  assumed  by  this  immense  mass  of  water  is  that 
of  a  spheroid  flattened  at  the  poles ;  and  as  its  mean  level  is  nearly 
ihfi  same,  for  anything  we  know  to  the  contrary,  it  serves  as  a  base 
to  which  all  heights  of  land  are  referred. 

The  ocean  is  continually  receiving  the  spoils  of  the  land.  From 
that  cause  it  would  constantly  be  decreasing  in  depth,  and,  as  the 
quantity  of  water  is  always  the  same,  its  superficial  extent  would 
increase.  There  are,  however,  counteracting  causes  to  check  this 
tendency  :  the  secular  elevation  of  the  land  over  extensive  tracts  in 
many  parts  of  the  world  is  one  of  the  most  important.  Volcanoes, 
coral  islands,  and  barrier  reefs,  show  that  great  changes  of  level  are 
constantly  taking  place  in  the  bed  of  the  ocean  itself — that  sym- 
metrical bands  of  subsidence  and  elevation  extend  alternately  over 
an  area  equal  to  a  hemisphere,  from  which  it  may  be  concluded  that 
the  balance  is  always  maintained  between  the  sea  and  land, 
although  the  distribution  may  vary  in  the  lapse  of  time.^ 

The  Pacific,  or  Great  Ocean,  exceeds  in  superficies  all  the  dry 

^  Mr.  Alfred  Taylor  has  computed  that  all  existing  causes  would  pro- 
duce an  elevation  of  only  three  inches  in  10,000  years. 
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Iftnd  on  the  globe.  It  has  an  area  of  50,000,000  of  square  miles ; 
including  the  Indian  Ocean,  its  area  is  nearly  70,000,000 ;  and  its 
bi^eadth,  from  Peru  to  the  coast  of  Africa,  is  16,000  miles.  Its 
length  is  less  than  that  of  the  Atlantic,  as  it  only  communicates 
with  the  Arctic  Ocean  by  Behring  Strait,  whereas  the  Atlantic,  as 
fiur  as  we  know,  stretches  from  pole  to  pole. 

The  continent  of  Australia  occupies  a  comparatively  small  portion 
of  the  Pacific,  while  innumerable  islands  stud  its  surface  many 
degrees  on  either  side  of  the  equator,  of  which  a  great  number  are 
volcanic,  showing  that  its  bed  has  been,  and  indeed  actually  is,  the 
theatre  of  violent  igneous  eruptions.  So  great  is  its  depth  that  a 
line  five  miles  long  has  not  reached  the  bottom  in  many  places ; 
yet  as  the  whole  mass  of  the  ocean  counts  for  little  in  the  total 
amount  of  terrestrial  gravitation,  its  mean  depth  is  but  a  small 
fraction  of  the  radius  of  the  globe ;  probably  it  is  not  more  than 
three  or  four  miles.  The  Pacific  is  the  calmest  of  oceans ;  its  tides 
are  low,  and  its  great  currents  broad  and  sluggish. 

The  bed  of  the  Atlantic  is  a  long  deep  valley,  se|)arating  two 
vast  continents,  and  probably  extending  from  pole  to  ]iole.  Its 
greatest  breadth,  including  the  Gulf  of  Mexico,  is  5000  miles ;  its 
superficial  extent  is  estimated  at  25,000,000  of  square  miles.  It 
is  probably  the  most  stormy  sea  in  the  world ;  its  tides  are  high, 
and  its  principal  currents  narrow  and  swift.  The  bed  of  the  South 
Atlantic  has  lately  been  sounded  by  vessels  in  the  British  Naval 
Survey,  and  bottom  has  been  found  between  the  C&ite  of  Good 
Hope  and  Ascension  Island,  at  depths  varying  from  10,800  to 
17,400  feet ;  nearer  the  equator  between  24°  and  25°  W.  longitude 
the  bed  is  much  deeper,  bottom  being  touched  at  19,200  and  19,500 
feet,  and  in  mid-ocean  on  the  parallel  of  28^  S.,  the  depth  was 
found  to  be  18,600  feet.^  The  great  difficulties  attendant  on 
sounding  vast  depths  of  ocean  have  been  o^rcome  by  Brockets 
deep-sea  sounding  apparatus,  which  has  enabled  the  officers  of 
the  United  States  navy  to  make  an  ex^nsive  and  accurate  survey 
of  the  North  Atlantic.  The  greatest  depths  that  the  sounding-lead 
has  reached  in  the  North  Atlantiq  are  in  the  Sargasso  Sea,  lat. 
26°  N.  and  long.  60°  W.  where  the  sounding  apparatus  has  revealed 
a  depth  of  22,950  feet.  Hence  from  the  top  of  Mount  P>erest,  in 
the  Himalaya,  the  highest  ascertained  point  on  the  globe,  to  the 
deepest  point  of  soundings  is  nearly  10  statute  miles,  estimated  in 
a  vertical  line. 

^  Pilot  charts  of  the  Atlantic  OcMn,  pablished  by  the  Hydrognphic 
Department  of  the  Admiralty,  under  the  superintendence  of  Captain  G.  H. 
Richards,  R.N.,  the  present  Hydrographer.  These  charts  illustrate  winds, 
currents,  and  temi>erature8,  as  well  as  depths,  and  it  is  intended  to  prodnos 
similar  magnificent  works  on  the  Pacific,  the  Indian,  and  other  ooeani. 
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Throughout  the  North  Atlantic,  the  land  shelves  down  to 
greater  and  greater  depths  gradually  on  both  sides.  On  the  coast 
of  North  America  these  submarine  terraces  seem  to  have  a  very 
regular  and  marked  outline,  the  water  increasing  on  them  suc- 
cessively, leaving  in  the  central  parts  the  deepest  portion.  An 
extensive  plateau  of  moderate  depth  extends  from  Newfoundland 
to  the  south  of  Ireland.  Between  Trinity  Bay,  in  Newfoundland, 
and  Yalentia  Island,  Ireland,  is  laid  the  line  of  the  Telegraph  Cables, 
1850  miles.  In  its  deepest  part,  the  ocean-bed  on  this  plateau  is  not 
more  than  14,400  feet  in  depth;  but  in  many  parts  it  is  not 
deeper  than  9000  to  10,000  feet.  Such  is  the  Telegraphic  Plateau. 
On  it  are  laid  those  stupendous  cables  which  instantaneously  convey 
intelligence  from  continent  to  continent,  and  which  forms  one  of  the 
boldest  and  noblest  results  of  science.  The  subject  of  deep-sea 
sounding,  and,  in  short,  all  that  relates  to  what  has  been  tenned 
the  Physical  Geography  of  the  Sea,  is  yet  in  its  infancy.  The  early 
statements  regarding  unfathomable  depths  of  ocean  are  to  be  re- 
ceived with  much  caution,  as  many  of  them  have  been  disproved 
by  actual  experiment ;  thus  in  the  very  area,  S.  of  the  Bank  of 
Newfoundland,  where  the  greatest  depth  of  the  North  Atlantic  was 
supposed  to  exist.  Commander  Chimmo,  of  H.M.S.  *Gannet,'  found, 
in  1868,  bottom  at  8700  feet.  The  question  of  the  existence  of 
living  animals  at  great  depths  receives  illustration  by  these  surveys, 
and  it  is  now  admitted  that  the  bed  of  the  deepest  sea  is  covered 
with  minute  living  animals,  such  as  Globigerin»  and  others  of  low 
organization,  who  secrete  calcareous  matter,  and  are  laying  in  the 
ocean  depths  the  foundations  of  future  geological  formations  similar 
to  those  of  the  great  Cretacean  Epoch. 

Immense  banks  rise  from  great  depths  to  within  a  few  fathoms 
of  the  surface  of  the  ocean.  Of  these,  the  Agulhas  Banks,  off  the 
Gape  of  Good  Hope,  are  among  the  most  remarkable.  But  the 
double  bank  of  Newfoundland  is  of  still  greater  extent :  it  seems 
to  have  been  formed  by  drift  brought  by  an  under  current  from 
the  North  Polar  Ocean,  as  the  water  becomes  suddenly  deep  at  the 
southern  extremity.  The  Dogger  Bank,  in  the  North  Sea,  and 
many  others,  are  well  known.  According  to  Mr.  Stevenson,  one- 
fifth  of  the  North  Sea,  an  area  equal  to  that  of  Great  Britain,  is 
occupied  by  banks  whose  average  height  is  78  feet.  On  that  account 
the  average  depth  is  only  96  feet.  Some  of  these  elevations  near 
the  coast  of  Norway  are  surrounded  by  such  deep  water  that  they 
must  be  submarine  table-lands.  By  soundings  during  the  coast 
survey  of  the  United  Kingdom  it  appears  that  Great  Britain,  Ire- 
land, and  the  innumerable  islands  and  rocks  that  rise  above  the 
surface  of  the  sea,  repose  upon  a  submarine  bank  bounded  by  a  line 
100  fathoms  deep,  and  this  bank,  on  which  Great  Britain  and  all 
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its  islands  stand,  is  connected  on  the  S.E.  through  Holland  and 
Belgium  with  the  continent  of  Europe,  while  it  is  separated  from 
Korway  and  Sweden  by  a  channel  many  hundreds  of  fathoms  in 
depth.  Some  of  the  deepest  wells  in  Loudon  and  Sheemess  draw 
their  fresh  water  from  a  stratum  which  lies  fully  300  feet  below 
the  surface  of  the  submarine  bank  that  intervenes  between  Britain 
and  the  coasts  of  Belgium,  Holland,  and  Denmark.'  Currents  are 
sometimes  deflected  from  their  course  by  banks  whose  tops  do  not 
come  within  50  or  even  100  feet  of  the  surface.  Where  banks  or 
reefs  rise  to  the  surface  in  tropical  seas,  coco-nut  palms  have  been 
planted  by  some  of  our  cruizers  to  give  warning  of  danger ;  as,  for 
example,  on  a  dangerous  shoal  off  the  coast  of  Bnizil,  called  Las 
Boccas,  lying  about  120  miles  west  of  Tristan  d'Acunha. 

The  pressure  at  great  depths  is  enormous.  In  the  Arctic  Ocean, 
where  the  specific  gravity  of  the  water  is  somewhat  lessened,  on 
account  of  the  greater  pn)portion  of  fresh  water  produced  by  the 
melting  of  the  ice,  the  pressure  at  the  depth  of  a  mile  and  a  quarter 
is  2809  pounds  on  a  square  inch  of  surface ;  this  was  confirmed  by 
Captain  Scoresby,  who  says,  in  his  *  Arctic  Voyages,'  that  the  wood 
of  a  boat  suddenly  dragged  to  a  great  depth  by  a  whale  was  found, 
when  drawn  up,  so  saturated  with  water  forced  into  its  ix)res  that 
it  sank  in  water  like  a  stone  for  a  year  afterwards.  Even  sea-water 
is  reduced  in  bulk  from  20  to  19  cubic  inches  at  the  depth  of  20 
miles.  The  compression  that  a  whale  can  endure  is  wonderful. 
Many  species  of  fish  are  capable  of  sustaining  great  as  well  as 
sudden  changes  of  pressure.  Divers  in  the  pearl-fisheries  exert 
great  muscular  strength,  but  man  cannot  bear  the  increased  pressure 
at  great  depths,  because  his  lungs  are  filled  with  air,  nor  can  he 
endure  the  diminution  of  it  at  great  altitudes  above  the  earth. 

The  depth  to  which  the  sun's  light  penetrates  the  ocean  depends 
upon  the  transparency  of  the  water,  and  cannot  be  less  than«twice 
the  depth  to  which  a  jwrson  can  see  from  the  surface.  In  parts  of 
the  Arctic  Ocean  shells  are  distinctly  seen  at  the  depth  of  80 
fathoms ;  and  among  the  West  India  islands,  in  80  fathoms  water, 
the  bed  of  the  sea  is  as  clear  as  if  seen  in  air ;  shells,  corals,  and 
seaweeds  of  every  hue  display  the  tints  of  the  rainbow.* 

The  purest  sjmng  is  not  more  limpid  than  the  water  of  the 
ocean ;  it  absorbs  all  the  prismatic  colours,  except  that  of  ultra- 
marine, which,  being  reflected  in  every  direction,  imparts  a  hue 

»  Sir  R.  Murchison's  Addreiw,  May  24,  1858. 

'  During  the  (leeiHKen  dredging  off  the  Atlantic  coast  of  Ireland  in  1869, 
innnmerable  instances  of  mollusca,  Crustacea,  and  other  animals  brilliantlj 
coloured  and  with  perfectly  organized  eyes,  brought  ap  from  depths  of  1280 
and  1440  fathoms,  give  reason  to  believe  that  the  bed  of  the  ocean  is  not 
without  light  even  at  these  profound  depths,— J.  Owjfn  Jeffrey*,  Etq, 
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approaching  the  azure  of  the  sky.  The  depth  of  the  blue  depends 
upon  the  quantity  of  salt  contained  in  the  water.  In  salt-works 
the  brine  assumes  a  deeper  blue  the  longer  the  evaporation  is  con- 
tinued :  that  is  the  reason  of  the  deep  azure  of  the  Mediterranean, 
the  Gulf-stream,  and  the  sea  in  the  region  of  the  trade-winds.  In 
the  Indian  Ocean  the  colour  is  so  intense  that  it  has  been  poetically 
oalled  the  Black  Waters.  The  light  green  of  the  North  Sea  and 
other  polar  waters  is  owii^  to  the  lesser  proportion  of  salt.^  The 
colour  of.  the  sea  varies  with  every  gleam  of  sunshine  or  passing 
cloud,  although  its  true  tint  is  always  the  same  when  seen  sheltered 
finom  atmospheric  influence.  The  reflection  of  a  boat  on  the  shady 
aide  is  often  of  the  clearest  blue,  while  the  surface  of  the  water 
exposed  to  the  sim  is  bright  as  burnished  gold.  The  waters  of  the 
ocean  also  derive  their  colour  from  animalcules  of  the  infusorial 
kind,  vegetable  substances,  and  minute  particles  of  matter.  It  is 
white  in  the  Gulf  of  Guinea ;  oflF  California,  the  Vermilion  Sea  is  so 
called  on  account  of  the  red  colour  of  the  infusoria  it  contains ;  the 
same  red  colour  was  observed  by  Magellan  near  the  mouth  of  the 
river  Plate.  The  Persian  Gulf  is  called  the  Green  Sea  by  Eastern 
geographers,  and  there  is  a  strip  of  green  water  off  the  Arabian 
coast  so  distinct  that  a  ship  has  been  seen  in  green  and  blue  water 
at  the  same  time.  Rapid  transitions  take  place  in  the  Arctic  Sea, 
from  ultramarine  to  olive-green,  from  purity  to  opacity.  These 
appearances  are  not  delusive,  but  constant  as  to  place  and  colour ; 
the  green  is  produced  partly  by  its  freshness,  as  well  as  by  myriads 
of  minute  insects,  which  devour  one  another  and  are  a  prey  of  larger 
animals,  llie  colour  of  clear  shallow  water  depends  upon  that  of  its 
bed ;  over  chalk  or  white  sand  it  is  apple-green,  over  yellow  sand 
dark-green,  brown  or  black  over  dark  ground,  and  grey  over  mud. 

§  2.  The  sea  is  supposed  to  have  acquired  its  saline  principle 
when«the  globe  was  in  the  act  of  subsiding  from  a  gaseous  state, 
for  the  water  as  well  as  the  saline  matter  it  contains  is  volatile  and 
gaseous  at  high  temperatures.  The  density  of  sea-water  depends 
upon  the  quantity  of  saline  matter  it  contains.'  Commander  Maury 
has  computed,  taking  the  average  saltness  at  3^  per  cent.,  and  the 
mean  depth  of  the  sea  at  two  miles,  that  the  quantity  of  saline 
matter  contained  in  the  ocean  would  cover  an  area  of  7,000,000 
square  miles  to  the  depth  of  one  mile,  a  quantity  that  could  not 
have  been  brought  from  the  land  by  rivers  and  floods.  The  con- 
stituents of  sea-water  are  everywhere  the  same,  in  consequence  of 


'  Ifaary. 

'  Acconiing  to  Messrs.  Schlagintweit  the  mean  specific  gravity  of  the 
gnriace-water  of  the  Atlantic  is  1*0277,  and  of  the  Pacific  1*0265,  between 
10^  and  40°  S. ;  and  1*02613  between  40"^  and  60°.  The  weight  of  a  cubic 
foot  of  Atlantic  waUr  is  64*003  potinds. 
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the  universal  system  of  currents  which  prevails  in  the  ocean  by 
which  the  mass  of  waters  are  continually  mixed.  The  differences 
depend  upon  local  circumstances,  especially  evaporation.  Thus  the 
ocean  contains  more  salt  in  the  southern  than  in  the  northern  hemi- 
sphere, which  is  supposed  to  arise  from  the  south-eastern  trade-vrinds 
blowing  over  a  greater  expanse  of  water  than  the  north-eastern,  and 
causing  a  greater  evaporation.  The  greatest  proportion  of  salt  in 
the  waters  of  the  Pacific  is  between  the  parallels  of  22°  or  20°  N. 
and  17°  S.  lat.,  the  regions  of  the  trade- winds;  while  near  the 
equator,  where  these  winds  neutralize  one  another,  it  is  less ;  and 
in  the  polar  oceans  it  is  the  least,  from  the  melting  of  the  ice.  The 
saltness  varies  in  these  regions  with  the  seasons ;  the  fresh  water, 
being  lightest,  is  uppermost.  For  the  same  reason  rain  makes  the 
surface  of  the  sea  fresher  than  it  is  below,  and  the  influx  of  rivers 
renders  the  ocean  less  salt  near  their  estuaries.  The  Amazon 
renders  the  Atlantic  brackish  300  miles  from  its  mouth.  The  salt- 
ness of  inland  seas  depends  upon  the  quantity  of  fresh  water  they 
receive  and  the  amount  of  evaporation,  llie  Baltic  is  very  fresh, 
because  it  has  a  limited  evaporation  at  its  surface,  and  receives 
many  rivers.  Though  the  Mediterranean  receives  large  rivers,  it  is 
very  salt  from  great  evaporation ;  and  the  Red  Sea,  in  a  rainless 
region  with  great  evaporation  and  no  rivers,  contains  more  salt  than 
any  other." 

Fresh  water  freezes  at  the  temperature  of  32°  of  Fahrenheit ;  the 
point  of  congelation  of  salt  water  is  much  lower.  As  the  specific 
gravity  of  the  water  of  the  Greenland  Sea  is  about  1*02664,  it  does 
not  freeze  till  its  temperature  is  reduced  to  284°  of  Fahrenheit,  so 
that  the  saline  principle  preserves  the  sea  in  a  liquid  state  to  a 
much  higher  latitude  than  if  it  had  been  fresh,'  while  it  is  better 
suited  for  navigation  by  its  greater  buoyancy.  The  healthfulness 
of  the  sea  is  ascribed  to  the  mixing  of  the  water  by  tides  and  cur- 
rents, which  prevents  the  accumulation  of  putrescent  matter. 

Besides  its  saline  ingredients,  the  sea  contains  bromine  and  iodine 
in  very  minute  quantities,  and,  no  doubt,  portions  of  other  substances 
too  small  to  be  detected  by  chemical  analysis,  since  it  has  constantly 
received  the  ddbris  of  the  land  and  all  its  organised  matter. 

§  3.  The  tides  which  flow  and  ebb  twice  in  a  day  on  our  coasts 
are  raised  by  the  combined  action  of  the  sun  and  moon.  The  water 
immediately  under  the  moon  is  drawn  from  the  earth  by  her  attrac- 
tion, at  the  same  time  that  she  draws  the  earth  from  the  water 

*  The  solid  contents  of  sea-water  amount  to  about  3^  per  cent,  of  its 
weight :  they  consist  of  common  salt,  or  muriate  of  soda,  of  sulphates  and 
carbonates  of  lime,  magnesia,  soda,  potash,  iron,  and  of  a  most  minute 
quantity  of  silver. 

*  Fresh  water  acquires  its  maximum  density  at  39^*2,  salt  water  (of  the 
average  saltness  of  the  sea)  at  27°*2. 


224  PHYSICAL  GEOGRAPHY,  Chap.  XVIII. 

diametrically  opposite,  in  both  cases  producing  a  tide  of  nearly  equal 
height.  A  similar  action  of  the  sun  raises  a  wave,  which,  on  account 
of  his  great  distance,  is  very  much  less  than  that  raised  by  the 
moon.  The  two  waves  sometimes  unite,  and  sometimes  are  opposed 
to  one  another,  according  to  the  position  of  the  luminaries ;  but 
the  combined  wave  tends  to  follow  the  sun  and  moon  as  far  as  the 
rotation  of  the  earth  will  allow,  and  extends  to  the  very  bottom  of 
the  sea.  Being  thus  chiefly  regulated  by  the  moon,  the  tides 
happen  twice  in  24  hours,  because  in  that  time  the  rotation  of  the 
earth  brings  the  same  point  of  the  ocean  twice  under  the  meridian 
of  the  moon — once  under  the  upper  meridian  and  once  under  the 
lower.  It  is  clear  that  the  highest  or  spring  tides  must  happen  at 
new  and  full  moon,  consequently  twice  in  each  lunar  month, 
because  in  both  cases  the  sun  and  moon  are  in  the  same  meridian ; 
for  when  the  moon  is  new,  they  are  in  conjunction,  and  when  she  is 
full,  they  are  in  opposition,  and  in  each  of  these  positions  their 
attraction  is  combined  to  raise  the  water  to  its  greatest  height ; 
while,  on  the  contrary,  the  neap  or  lowest  tides  happen  when  the 
moon  is  in  quadrature,  or  90°  distant  from  the  sun,  for  then  they 
counteract  each  other*s  attraction. 

Had  the  globe  been  entirely  covered  with  water,  the  greatest  tides 
would  have  taken  place  when  the  action  of  the  sun  and  moon  was 
in  the  plane  of  the  equator  and  in  the  same  meridian,  for  then  their 
action  would  have  been  most  direct ;  but  in  that  case  there  would 
have  been  very  small  tides  in  the  high  latitudes  and  none  at  the 
poles,  because  then  the  action  of  the  luminaries  would  decrease  as 
the  square  of  the  cosine  of  their  declination.  That,  however,  is  by 
no  means  the  state  of  the  tides,  for,  since  the  action  of  the  sun  and 
moon  is  only  sensible  in  a  vast  extent  of  deep  water,  the  Antarctic 
Ocean  is  their  source  and  birthplace.  The  greatest  spring  tides, 
therefore,  take  place  when  the  luminaries,  in  conjunction  or  oppo- 
sition, are  at  their  greatest  southern  declination,  and  the  moon  in 
perigee,  that  is,  in  the  point  of  her  orbit  nearest  to  the  earth. 

When  the  sun  and  moon,  under  these  circumstances,  pass  over 
the  ocean  to  the  E.  of  Tasmania,  New  Zealand,  and  the  South  Pole, 
they  raise  a  vast  ridge  of  water,  or  great  tidal  wave,  which  reaches 
to  the  very  bottom  of  the  sea  and  tends  to  follow  the  luminaries  to 
the  N.W.,  and,  having  received  that  primitive  impulse,  it  continues 
to  move  in  that  direction  long  after  the  sun  and  moon  cease  to  act 
upon  it. 

On  entering  the  Paciflc,  it  flows  along  the  western  coast  of  South 
America,  bringing  high  water  to  each  place  as  it  passes :  but  it  is 
80  much  impeded  by  the  numerous  islands  in  that  ocean  that  it 
is  scarcely  perceptible  in  many  places  among  them,  whereas  in  the 
Indian  Ocean  it  rushes  with  such  violence  and  speed  along  the 
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shores  of  the  Indian  peninsula  that  it  arrives  at  Cape  Comorin 
before  noon  of  the  first  day  of  its  existence,  nearly  at  the  same  time 
that  it  has  brought  high  water  to  the  coast  of  'i'asmania. 

When  this  tidal  wave  enters  the  Atlantic  in  its  north-westerly 
course,  it  brings  high  water  later  and  later  to  each  place  ;  but  its 
velocity  is  so  very  different  on  the  two  sides  of  that  ocean  that  it 
arrives  at  Cape  Blanco,  on  the  W.  coast  of  Africa,  and  at  New- 
foundland, on  the  E.  coast  of  North  America,  at  the  end  of  the  first 
24  hours  of  its  existence.  It  is  then  deflected  to  the  B.  by  the 
continent  of  America,  and  thus,  flowing  at  right  angles  to  its  former 
path,  it  comes  to  the  most  westerly  points  of  Ireland  and  England 
on  the  morning  of  the  second  day.  The  great  branch  of  this  tidal 
wave  then  jjasses  N.E.  through  St.  George's  Channel  and  the  Irish 
Sea,  and,  meeting  a  branch  coming  round  the  W.  coast  of  Ireland, 
the  united  wave,  after  having  carried  high  water  to  the  W.  coast  of 
England  and  all  the  coasts  of  Ireland,  turns  round  the  most  northern 
point  of  Scotland  and  arrives  at  Aberdeen  at  noon  on  the  second 
day,  at  the  same  time  carrying  high  water  to  the  opposite  shores  of 
Norway  and  Denmark.  Now  this  tidal  wave  flows  to  the  E.  of  S., 
a  direction  exactly  contrary  to  that  with  which  it  began  its  transit 
through  the  Atlantic,  and  it  continues  this  course,  ruling  the  tides 
along  the  English  shores  and  those  of  the  opposite  continental 
coasts,  till  it  arrives  at  the  mouth  of  the  Thames  at  midnight  of 
the  second  day,  and  does  not  bring  high  water  to  London  till  the 
morning  of  the  third  day  after  leaving  the  Antarctic  Ocean. 

The  tidal  wave  moves  uniformly  and  with  great  velocity  in  deep 
water,  variably  and  slowly  in  shallow  water.  For  example,  it  moves 
at  the  rate  of  1000  miles  an  hour  in  the  South  Pacific,  and  scarcely 
less  in  the  Atlantic,  on  account  of  the  deep  trough  which  runs 
through  the  middle  of  that  ocean  ;  but  the  sea  is  so  shallow  on  the 
British  coasts  that  the  tide  takes  more  time  in  coming  from 
Aberdeen  to  London  than  to  travel  over  an  arc  of  120° — that  is, 
from  G0°  S.  lat.  to  60°  N.  lat. 

There  is  such  a  numerical  relation  between  the  breadth  and 
velocity  of  a  wave  and  the  depth  of  the  water  that,  if  the  former 
be  known,  the  depth  may  be  computed.  For  example,  if  a  wave 
moving  at  the  rate  of  12*21  miles  in  an  hour  be  1000  feet  broad, 
the  depth  of  the  sea  would  be  10  feet  by  Mr.  Airy*s  fonnula ;  but 
if  a  wave  of  the  same  breadth  be  moving  at  the  rate  of  48*77  miles, 
the  sea  would  be  1000  feet  deep.  According  to  this  law  the  Sonth 
Pacific  must  be  of  great  depth. 

The  tide  in  the  open  ocean  is  merely  an  alternate  rise  and  fall  of 
the  water,  so  that  the  wave  travels,  but  not  the  water.  A  bird 
resting  on  the  surface  is  not  carried  forward  as  the  waves  rise  and 
fall ;  indeed,  if  so  heavy  a  body  as  water  were  to  move  at  the  rate 
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of  1000  miles  in  an  hour,  it  would  cause  universal  destruction,  since 
in  the  most  violent  hurricanes  the  velocity  of  the  wind  scarcely 
exceeds  100  miles  in  an  hour. 

During  the  passage  of  the  wave  in  deep  water,  the  particles  of 
the  fluid  for  the  moment  glide  into  a  new  arrangement,  and  then 
return  to  their  places ;  but  this  motion  is  extremely  limited.  In 
the  ocean  the  resistance  of  the  bottom  is  imperceptible ;  but  in 
shallow  water,  where  the  velocity  of  the  wave  is  small,  its  lower 
parts  are  more  retarded  than  those  above,  and,  as  the  friction  con- 
tinually increases  with  the  progress  of  the  wave,  its  top  advances 
more  rapidly  than  the  water  below,  so  that  over  shallows  and  near 
the  land  both  water  and  waves  advance  during  the  flow  of  the  tide 
and  roll  on  the  beach. 

The  height  to  which  the  tides  rise  depends  upon  the  form  of  the 
shores  and  bottom  of  the  sea  and  the  direction  in  which  the  wave 
strikes  the  land.  Throughout  the  Atlantic  the  height  is  10  or  12 
feet ;  but  the  tidal  wave  rushes  so  directly  into  the  Bay  of  Fundy 
that  it  rises  to  50  feet,  and  from  the  shelving  shores  in  the  Bristol 
Channel  it  is  40  feet.  When  the  tide  enters  the  North  Sea,  to  the 
N.  of  Scotland,  its  height  is  12  feet ;  but  in  travelling  S.  along  the 
E.  coast  of  England  over  a  continually  shelving  shore,  and  striking 
the  land  always  more  directly,  the  water  rises  higher  and  higher  at 
each  place  till  in  the  Humber  it  attains  20  feet. 

It  sometimes  happens  that  two  equal  tides  coming  different  ways 
meet,  and  then  the  water  rises  to  double  the  height  it  would  other- 
wise have  done.  A  complete  extinction  of  the  tide  takes  place 
when  a  high  water  interferes  in  the  same  manner  with  a  low  water, 
as  in  the  centre  of  the  North  Sea ;  a  circumstance  predicted  by 
theory  and  confirmed  by  Captain  Hewett,  who  was  not  aware  that 
such  an  interference  existed.  When  two  unequal  tides  in  contrary 
places  meet,  the  greater  overpowers  the  less,  and  the  resulting 
height  is  equal  to  their  difference,  which  is  supposed  to  be  the  case 
at  Yarmouth,  where  the  tide  is  very  small.  These  varieties  occur 
chiefly  in  channels  among  islands  and  in  the  estuaries  of  rivers. 
When  a  tide  flows  suddenly  up  a  river  encumbered  with  shoals,  it 
checks  the  descent  of  the  stream  ;  the  water  spreads  over  the  sands, 
and  a  high-crested  wave,  called  a  bore,  is  driven  with  force  up  the 
channel.  This  occurs  in  the  Hoogly  mouth  of  the  Ganges,  and  in 
the  Amazon  at  the  equinoxes,  where,  during  three  successive  days, 
five  of  these  destructive  waves,  from  12  to  15  feet  high,  follow  one 
another  up  the  river  daily ;  and  it  occurs  in  a  less  degree  in  some 
of  our  British  rivers. 

Both  the  height  and  time  of  the  tides  vary  with  the  moon*s  age.* 

The  friction  of  the  wind  combines  with  the  tides  in  agitating  the 

'  Mr.  Keith  Johnston's  Phys.  Atlas,  in  folio. 
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surface  of  the  ocean,  and,  according  to  the  theory  of  nndulationa, 
each  produces  its  eflfect  independently  of  the  other ;  wind,  however, 
not  only  raises  waves,  but  causes  a  transfer  of  superficial  water  also. 
Attraction  between  the  particles  of  air  and  water,  as  well  as  the 
pressure  of  the  atmosphere,  brings  its  lower  stratum  into  adhesive 
contact  with  the  surface  of  the  sea.  If  the  motion  of  the  wind  be 
parallel  to  the  surface,  there  will  still  be  friction,  but  the  water  will 
be  smooth  as  a  mirror ;  but  if  it  be  inclined,  in  however  small  a 
degree,  a  ripple  will  appear.  The  friction  raises  a  minute  wave, 
whose  elevation  protects  the  water  beyond  it  from  the  wind,  which 
consequently  impinges  on  the  surface  at  a  small  distance  beyond ; 
thus  each  impulse,  combining  with  the  other,  produces  an  undula- 
tion which  continually  advances. 

Those  beautiful  silvery  streaks  on  the  surface  of  a  tranquil  sea, 
called  cats'-paws  by  sailors,  are  owing  to  a  partial  deviation  of  the 
wind  from  a  horizontal  direction.  The  resistance  of  the  water  in- 
creases with  the  strength  and  inclination  of  the  wind,  llie  agitation 
at  first  extends  little  below  the  surface,  but  in  long-continued  gales 
even  the  deep  water  is  troubled :  the  billows  rise  higher  and  higher, 
and,  as  the  surface  of  the  sea  is  driven  before  the  wind,  their 
''monstrous  heads,"  impelled  beyond  the  perpendicular,  fall  in 
wreaths  of  foam.  Sometimes  several  waves  overtake  one  another 
and  form  a  sublime  and  awful  sea.  The  highest  waves  known  are 
those  which  occur  during  a  N.W.  gale  oflf  the  Cape  of  Good  Hope, 
aptly  called  by  the  ancient  Portuguese  navigators  the  Cape  of 
Storms :  Cape  Horn  also  seems  to  be  the  abode  of  the  tempest.  The 
sublimity  of  the  scene,  united  to  the  threatened  danger,  naturally 
leads  to  an  over-estimate  of  the  magnitude  of  the  waves,  which 
appear  to  rise  mountains  high,  as  they  are  proverbially  said  to  do. 
lliere  is  every  reason  to  believe  that  the  waves  off  the  Cape  of  Good 
Hope  are  occasionally  40  feet  from  the  hollow  trough  to  the  summit, 
for  the  late  Dr.  Scoresby  observed  them  to  be  of  that  height  both 
in  the  Atlantic  and  during  a  cyclone  he  met  with  in  his  voyage  to 
Australia  in  the  Royal  Charter.^  The  waves  are  short  and  abrupt 
in  small  sliallow  seas,  and  on  that  account  are  more  dangerous  than 
the  long  rolling  billows  of  the  wide  ocean. 

The  waves  raised  by  the  wind  are  altogether  independent  of  the 
tidal  waves ;  each  maintains  its  undisturbed  course ;  and  as  the 
inequalities  of  the  coasts  reflect  them  in  all  directions,  they  modify 
those  they  encounter  and  oflfer  new  resistance  to  the  wind,  so  that 
there  may  be  three  or  four  systems  or  series  of  coexisting  waves,  all 


'  Dr.  Scoreaby's  Obsemtions  in  the  Atlantic,  made  with  greater 
than  had  been  hitherto  employed,  confirm  this  re:iult« — Proceedings  tf 
British  Association,  IboO, 
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going  in  diflferent  directions,  while  the  individual  waves  of  each 
maintain  their  parallelism. 

The  undulation  called  a  ground-swell,  occasioned  by  the  con- 
tinuance of  a  heavy  gale,  is  totally  diflferent  from  the  tossing  of  the 
billows,  which  is  confined  to  the  area  vexed  by  the  wind  ;  whereas 
the  ground-swell  is  rapidly  transmitted  through  the  ocean  to  regions 
for  beyond  the  direct  influence  of  the  gale  that  raised  it,  and  it  con- 
tinues to  heave  the  smooth  and  glassy  surface  of  the  deep  long  after 
the  wind  and  the  waves  are  at  rest.  In  the  South  Pacific,  billows 
which  must  have  travelled  1000  miles  against  the  trade-wind  from 
the  seat  of  the  storm,  expend  their  fury  on  the  lee  side  of  the  many 
coral  islands  which  bedeck  that  sunny  sea.*  Thus  a  swell  some- 
times comes  from  a  quarter  in  direct  opposition  to  the  wind,  and 
occasionally  from  various  points  of  the  compass  at  the  same  time, 
producing  a  vast  commotion  even  in  a  dead  calm,  without  ruffling 
the  surface.  They  are  the  heralds  that  point  out  to  the  mariner  the 
distant  region  where  the  tempest  has  howled,  and  not  unfrequently 
they  are  the  harbingers  of  its  approach.  At  the  margin  of  the  polar 
ice,  in  addition  to  other  dangers,  there  is  generally  a  swell  which 
would  be  very  formidable  to  the  mariner  in  thick  weather,  did  not 
the  loud  grinding  noise  of  the  ice  warn  him  of  his  approach. 

Heavy  swells  are  propagated  through  the  ocean  till  they  gradually 
subside  from  the  friction  of  the  water,  or  till  the  undulation  is 
checked  by  the  resistance  of  land,  when  they  roll  in  surf  to  the 
shore,  or  dash  in  spray  and  foam  over  the  rocks.  The  rollers  at  the 
Cape  de  Yerd  Islands  are  seen  at  a  great  distance  approaching  like 
mountains.  When  a  gale  is  added  to  a  groimd-swell,  the  commo- 
tion is  great  and  the  force  of  the  surge  tremendous,  tossing  huge 
masses  of  rock  and  shaking  the  cliflfs  to  their  foundations.  During 
heavy  gales  on  the  coast  of  Madras  the  surf  breaks  in  nine  fathoms 
water  at  the  distance  of  four  and  even  four  and  a  half  miles  from 
the  shore.  The  violence  of  the  tempest  is  sometimes  so  intense  as 
to  quell  the  billows  and  scatter  the  water  in  a  heavy  shower  called 
by  sailors  spoondrift.  On  such  occasions  saline  particles  have  im- 
pregnated the  air  to  the  distance  of  50  miles  inland. 

The  force  of  the  waves  in  gales  of  wind  is  tremendous.  From 
experiments  made  by  the  late  Mr.  A.  Stevenson,  the  celebrated 
engineer  of  the  Skerryvore  lighthouse,  on  the  W.  coast  of  Scotland, 
exposed  to  the  whole  fury  of  the  Atlantic,  it  appears  that  the 
average  pressure  of  the  waves  during  the  summer  months  was  equal 
to  611  pounds  weight  on  a  square  foot  of  surface,  while  in  winter  it 
was  2086  pounds,  or  three  times  as  great.  During  the  storm  that 
took  place  on  the  9th  of  March,  1845,  it  amounted  to  6083  pounds. 


Beechey's  *  Voyage  to  the  Pacific.' 
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Now,  as  the  pressure  of  a  ware  20  feet  high  not  in  motion  is  only 
about  half  a  ton  on  a  square  foot,  it  shows  how  much  of  their  force 
waves  owe  to  their  velocity.  The  rolling  breakers  on  the  cliffs  on 
the  W.  coast  of  Ireland  are  magnificent:  the  Earl  of  Dunraven 
measured  some,  the  spray  of  which  rose  as  high  as  150  feet. 

In  the  Isle  of  Man  a  block,  which  weighed  about  10  stone,  was 
lifted  from  its  place  and  carried  inland  during  a  north-westerly 
gale ;  and  in  the  Hebrides  a  block  of  42  tons  weight  was  moved 
several  feet  by  the  force  of  the  waves.  The  Bell  Rock  lighthouse  in 
the  North  Sea,  though  112  feet  high,  is  literally  buried  in  foam  and 
spray  to  the  very  top  during  ground-swells  when  there  is  no  wind. 
On  the  20th  of  November,  1827,  the  spray  rose  117  feet,  so  that  the 
pressure  was  computed  by  Mr.  Stevenson  to  be  nearly  three  tons  on 
a  square  foot. 

The  effect  of  a  gale  descends  to  a  comparatively  small  distance 
below  the  surface  ;  the  sea  is  probably  tranquil  at  the  depth  of  200 
or  300  yards  ;  were  it  not  so,  the  water  would  be  turbid,  and  marine 
animals  would  be  destroyed.  Anything  that  diminishes  the  friction 
of  the  wind  smoothes  the  surface  of  the  sea — for  example,  oil  or  a 
small  stream  of  packed  ice,  which  suppresses  even  a  swell.  When 
the  air  is  moist,  its  attraction  for  water  is  diminished,  and  conse- 
quently so  is  the  friction ;  hence  the  sea  is  not  so  rough  in  rainy  as 
in  dry  weather. 

§  4.  Currents  of  various  extent,  magnitude,  and  velocity  disturb 
the  tranquillity  of  the  ocean ;  some  of  them  depend  upon  circum- 
stances permanent  as  the  globe  itself,  others  on  ever-varying 
causes ;  the  permanent  and  most  important  currents  move  in  the 
great  circles  of  the  sphere.  A  perjMJtual  circulation  is  kept  up  in 
the  waters  of  the  main  by  these  vast  marine  streams ;  they  are 
sometimes  superficial  and  sometimes  submarine,  according  as  their 
density  is  greater  or  less  than  that  of  the  surrounding  sea.  But 
although  they  depend  upon  the  same  cause  as  the  trade-winds,  they 
differ  essentially  in  this  respect,  that,  whereas  the  atmosphere  is 
heated  from  below  by  its  contact  with  the  earth,  and  transmits 
the  heat  to  the  strata  above,  the  sea  is  heated  at  its  surface  by  the 
direct  rays  of  the  sun,  which  produces  a  strong  and  rapid  evapora- 
tion, especially  in  the  tropical  regions  of  the  ocean,  where  the  sea 
greatly  exceeds  the  land  in  extent. 

It  is  computed  that  186,240  cubic  miles  of  water  are  annually 
raised  from  the  surface  of  the  globe  in  the  form  of  vapour,  chiefly 
from  the  intertropical  seas,  part  of  which  is  restored  to  them  in  rain, 
but  by  far  the  greater  part  is  carried  by  the  winds  to  water  the  land 
and  feed  all  the  rivers  and  streams  on  the  surface  of  the  earth.  The 
enormous  quantity  of  water  thus  carried  off  by  evaporation  in  the 
warm  seas,  which  amounts  to  139,680  cubic  miles  in  the  Indian' 
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and  Pacific  Oceans  alone,  disturbs  the  equilibrium  of  the  seas,  but 
it  is  restored  by  a  perpetual  flux  of  cold  water  from  each  pole 
towards  the  equator,  and  in  a  minute  degree  by  vertical  circulation. 

When  these  streams  of  cold  water  leave  the  poles,  they  flow 
directly  towards  the  equator ;  but  before  proceeding  far,  their  motion 
is  deflected  by  the  diurnal  rotation  of  the  earth.  At  the  poles  they 
have  no  rotatory  motion,  and,  although  they  gain  it  more  and  more 
in  their  progress  to  the  equator,  which  revolves  at  the  rate  of  1000 
miles  an  hour,  they  arrive  at  the  tropics  before  they  have  gained 
the  same  velocity  of  rotation  with  the  intertropical  ocean.  On  that 
account  they  are  left  behind,  and  consequently  flow  in  a  direction 
contrary  to  the  diurnal  rotation  of  the  earth.  Hence  the  whole 
surface  of  the  ocean  for  30  degrees  on  each  side  of  the  equator  flows 
in  a  stream  or  current  from  E.  to  W.  3000  miles  broad.  The 
trade-winds,  which  constantly  blow  in  one  direction,  combine  to 
give  this  great  equatorial  current  a  mean  velocity  of  10  or  11  miles 
in  24  hours.* 

As  soon  as  the  water  at  the  surface  of  the  tropical  seas  becomes 
denser  and  Salter  than  that  immediately  below  from  the  evaporation, 
it  sinks  down,  leaving  a  new  surface  to  be  acted  upon ;  and  were 
it  not  for  the  inhabitants  of  the  deep,  the  buoyancy  of  those  seas 
would  be  impaired.  Insignificant  as  they  may  seem,  the  mollusca, 
corallines,  and  other  marine  animals  which  abound  in  such  myriads 
at  the  bottom  of  the  sea,  bear  so  important  a  part  in  these  great 
operations  of  nature  that  Lieutenant  Maury  says,  **  they  have  power 
to  put  the  whole  sea  in  motion  from  the  equator  to  the  poles  and 
from  top  to  bottom."  By  abstracting  the  solid  matter  from  the 
water  to  build  those  immense  coral  reefs  and  islands,  marl-beds, 
shell-beds,  and  infusorial  deposits  of  enormous  magnitude,  it  be- 
comes buoyant,  rises  to  the  top,  and  supplies  the  place  of  that 
which  has  gone  down,  and  which,  in  its  turn,  furnishes  material 
for  new  deposits,  and  a  new  supply  of  water  for  the  surface,  an 
alternation  as  permanent  as  the  currents  tliemselves,  and  one  of  the 
most  wonderful  and  beautiful  adaptations  of  small  means  to  a  great 
end.  The  direct  heat  of  the  sun  also  increases  the  buoyancy  of  the 
water  which  flows  in  superficial  currents  towards  the  poles ;  but  in 
going  from  the  equator,  where  the  rotation  of  the  earth  is  at  its 
maximimi,  to  the  poles,  where  there  is  none,  they  are  deflected 
more  and  more  towards  the  west,  and,  gradually  losing  their 
warmth,  they  become  heavy,  sink  down,  and  return  again  as  under- 
currents to  join  the  equatorial  stream.    Thus  polar  currents  flow 


1  Winds  are  named  from  the  points  whence  they  blow,  currents  exactly 
the  reverse.  An  easterly  wind  comes  from  the  east ;  whereas  an  easterly 
current  comes  from  the  west,  and  flows  towards  the  east. 
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to  the  equator,  and  equatorial  currents  flow  to  the  poles,  in  a  never- 
ending  circuit  coeval  with  the  ocean  itself,  and  which  will  be  co- 
existent with  it  while  time  endures.  This  perpetual  fluctuation  of 
the  waters  of  the  ocean  between  the  polar  basins  and  the  equator, 
as  they  become  alternately  warm  and  cold,  is  the  cause  of  that 
admirable  system  of  currents  which  combine  with  the  winds  to 
mitigate  the  cold  of  the  frigid  zone  and  temper  the  heat  of  the  torrid. 
The  equatorial  current  of  the  Pacific  and  Indian  Ocean  may  be 
regarded  as  one  mighty  stream  flowing  from  E.  to  W.  through 
about  255  degrees  of  longitude.  It  crosses  the  Pacific  in  a  current 
nearly  3500  miles  broad,  between  the  parallels  of  26°  S.  and  24° 
N.  lat.,  thus  spreading  over  nearly  one-third  of  the  distance  from 
pole  to  pole.  Its  breadth  is  much  diminished  in  coming  to  the 
Indian  Archipelago,  as  in  the  Indian  Ocean  it  flows  between  the 
10th  and  20th  degrees  of  S.  latitude. 

In  the  North  Pacific  there  are  many  oflfsets  from  the  main  flow, 
but  by  far  the  most  remarkable  originates  in  the  Indian  Ocean.  It 
is  known  as  the  Chinese  current,  or  the  North-Pacific  Gulf-stream. 
It  flows  through  the  Strait  of  Malacca,  and,  after  being  joined  by 
warm  streams  from  the  Java  and  China  Seas,  it  passes  into  the 
Pacific  between  the  Philippines  and  the  coast  of  Asia ;  from  thence 
it  flows  to  temper  the  climate  of  the  Aleutian  Islands,  and  is  lost 
in  its  progress  towards  the  coast  of  North  America.  Between  this 
and  the  coast  of  Japan  a  cold  ciurent  comes  from  the  sea  of  Okhotsk, 
which  is  as  much  celebrated  for  its  fisheries  as  the  cold  stream 
which  flows  over  the  great  banks  of  Newfoundland  in  the  Atlantic. 
It  causes  dense  fogs  on  the  coasts  of  Jesso,  the  Kurile  Islands,  and 
Kamtchatka,  for  the  same  reason  that  the  Gulf-stream  occasions 
those  on  the  banks  of  Newfoundland. 

The  two  great  oceans  under  consideration  being  all  but  land- 
locked to  the  N.,  the  principal  exchange  of  warm  and  cold  water 
is  between  the  southern  side  of  the  equatorial  current  and  the 
Antarctic  Ocean.  The  warm  streams  which  that  current  sends  off 
in  the  Indian  Ocean,  from  water  occasionally  at  the  temperature 
of  90^  Fahrenheit,  must  be  of  great  magnitude.  One  of  these  leaves 
the  main  stream  between  Africa  and  Australia,  and,  flowing  S., 
ends  in  a  motionless  sea  of  weeds  similar  to  the  grassy  sea  in  the 
Atlantic. 

The  equatorial  current  in  the  Indian  Ocean  is  divided  as  it  ap- 
proaches Madagascar;  one  part  runs  to  the  N.W.,  bends  round 
the  northern  end  of  Madagascar,  flows  through  the  Mozambique 
Channel,  and,  being  joined  by  the  other  branch,  it  doubles  the  Cape 
of  Good  Hope  outside  of  the  Agulhas  Bank,  and,  meeting  with  a 
warm  current  from  the  Atlantic,  they  become  lost  further  S.  Cold 
currents  from  the  Antarctic  Ocean  come  on  each  side  of  the  weedy 
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sea,  which  sometimes  bring  icebergs  as  low  as  the  40th  parallel. 
A  branch  of  these  cold  currents,  according  to  the  observations  of 
Captain  Toynbee,  striking  the  Cape  from  the  S.W.,  runs  northward 
along  the  W.  coast  of  Africa,  and  is  the  cause  of  the  cool  seas  and 
fogs  at  Walvisch  Bay  and  other  places  on  this  coast. 

In  the  South  Pacific,  Maury  has  discovered  a  very  large  branch 
which  leaves  the  equatorial  flow  midway  between  the  coast  of 
America  and  Australia,  and,  after  a  winding  course,  trends  to  the 
Antarctic  Sea.  This  current  enabled  Sir  James  Ross  to  penetrate 
fjEurther  to  the  S.  than  Captain  Wilkes ;  it  is  the  highway  to  the 
Antarctic  Seas.  On  each  side  of  it  branch  off  cold  currents  from 
the  S.,  one  along  the  coast  of  Australia,  and  the  other  known  as 
Humboldt^s  current,  in  some  places  nearly  one  thousand  fathoms 
deep,  which  runs  along  the  South  American  coast,  tempering  the 
heat  of  the  rainless  shores  of  Peru,  and  which  is  felt  even  at  the 
equator  for  a  distance  of  3500  miles  from  the  American  coast.  Be- 
tween this  current  and  the  great  equatorial  stream  lies  the  "  Desolate 
Region,"  an  area  of  the  ocean  that  ships  seldom  crossed  till  the 
discovery  of  the  gold-mines  in  Australia  and  the  Guano  islands  of 
Peru.  Whales  rarely  come  near  it ;  even  the  sea-birds  which  so 
frequently  accompany  ships  in  these  southern  seas  abandon  them 
on  approaching  it,  and  the  sea  itself  is  comparatively  barren  of 
animal  life. 

Drift-currents  depend  upon  the  winds.  The  Pacific  is  under,  the 
influence  of  the  trade-winds,  which  produce  constant  currents  ;  and 
the  monsoons,  which  cause  drift-currents,  setting  alternately  in  one 
direction  and  then  in  the  other,  prevail  chiefly  in  the  Indian  Ocean. 
These  periodic  winds,  depending  on  the  seasons,  regulate  the  navi- 
gation both  in  the  Bay  of  Bengal  and  Arabian  Sea.  Temporary 
currents  raised  by  partial  evaporations,  changes  in  atmospheric 
{H^ssure,  and  very  heavy  rains  are  frequent  in  the  tropical  regions. 

From  the  South  Polar  Ocean  an  ice-bearing  current,  passing  E. 
of  Cai)e  Horn,  brings  icebergs  even  to  36°  S.  lat.,  as  far  as  which 
they  have  been  seen  off  the  S.  coast  of  Africa. 

The  equatorial  Atlantic  current  pursues  its  western  course,  160 
miles  broad,  to  mid-ocean,  where  it  sends  off  the  north-western 
branch,  and,  on  arriving  at  San  Roque,  on  the  American  coast,  it  is 
divided  into  the  Brazil  and  Guiana  currents,  the  first  of  which 
sets  along  the  South  American  shores  so  strongly  that  it  is  not 
deflected  by  the  mass  of  water  flowing  into  it  from  the  Rio  de  la 
Plata,  yet  it  is  lost  before  arriving  at  Cs^pe  Horn.  The  Guiana 
branch,  by  much  the  largest,  undisturbed  by  the  powerful  rivers 
Amazon  and  Orinoco,  flows  to  the  West-Indian  Islands ;  there  it 
joins  the  main  equatorial  flow,  and  the  united  streams  enter  the 
Caribbean  Sea,  after  a  course  of  4000  miles  across  the  Atlantic, 
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with  a  velocity  vaiying  with  the  seasons,  but  on  an  ayerage  about 
30  miles  in  24  hours.     From  the  Caribbean  Sea  it  sweeps  round  the 
Gulf  of  Mexico  and   rushes   through   the  Strait  of  Florida,  the 
mightiest  and  most  beautiful  oceanic  river  in  existence ;  its  source 
under  the  tropic  of  Cancer,  its  mouth  in  the  Arctic  Ocean.     ItB 
current  is  more  rapid  than  those  of  the  Mississippi  or  the  Amazon, 
and  its  volume  a  thousand  times  as  great.     In  the  Strait  of  Florida 
it  is  32  miles  wide,  2220  feet  deep,  and  flows  at  the  rate  of  four 
miles  an  hour.     Its  waters  are  of  the  purest  ultra-marine  blue  as 
far  as  the  coasts  of  Carolina,  and  so  completely  is  it  separated  from 
the  sea  through  which  it  flows,  so  sharp  the  line  of  separation,  that 
a  ship  may  be  seen  at  times  half  in  the  one  and  half  in  the  other. 
It  is  of  high  temperature  at  the  surface,  being  86°  of  Fahrenheit 
at  the  strait  of  Bemini,  and  after  running  3000  miles  to  the  N. 
it  still  preserves  a  summer  heat,  yet  its  banks  and   bottom  are 
cold.    As  it  proceeds  in  its  northern  course,  towards  Newfoundland, 
it  is  deflected  towards  the  E.,  affecting,  as  nearly  as  possible,  a 
great  circle  of  the  sphere,  the  shortest  distance  between  two  points 
on  its  surface,  which  is  the  course  of  currents  in  general,  whether 
of  air  or  water,  imless  diverted  by  local  circumstances.     The  Gulf- 
stream,  in  its  course  towards  the  British  Islands,  the  North  Sea, 
and  the  Frozen  Ocean,  follows  this  law.     At  ('ape  Hatteras  it  be- 
gins to  increase  in  width,  it  is  deflected  nearly  to  the  E.  by  the 
banks  of  Newfoundland,  and  between  38°  and  40°  W.  long,  it 
spreads  out  like  a  fan  from  the  Canaries  to  the  Arctic  Ocean,  one 
branch  *  sweeping  round  the  W.  coast  of  Iceland  and  the  other  N.E. 
to  the  coasts  of  Norway  and  Spitzbergen.     llie  presence  of  these 
currents  is  recognised  by  their  greater  warmth,  even  among  the 
polar  ice,  and  in  consequence  of  some  of  them  the  Sjntzbergen  Sea 
is  six  or  seven  degrees  warmer  at  the  depth  of  200  fathoms  than  at 
the  surface.     Thus  the  warmth  of  that  great  oceanic  river  tempers 
the  severity  of  the  climates  even  to  Spitzbergen,  and,  but  for  its 
mild  influence,  the  shores  of  the  British  Isles  would  be  very  much 
colder  than  they  now  are.     Maury  says,  though  the  warmth  of 
the   Gulf-stream  diminishes  as  it  runs  N.,  the  quantity  of  heat 
which  it  spreads  over  the  Atlantic  in  a  winter's  day  would  be  suf- 
ficient to  raise  the  whole  atmosphere  that  covers  France  and  Great 
Britain   from   the   freezing-point   to   summer-heat,   which  is  the 
principal  cause  of  the  mildness  and  damp  of  Ireland  and  of  the  S. 
of  England. 

Towards  the  Azores  a  portion  of  the  Gulf-stream  bends  round, 
and,  after  uniting  with  Renneirs  current,  from  the  British  Channel, 
runs  along  the  African  coast,  and  rejoins  the  great  equatorial  flow, 


Recently  ascertained  by  Captain  Irminger  of  the  Danish  navy. 
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having  made  a  circuit  of  3800  miles  with  varying  velocity,  leaving 
ft  vast  space  of  nearly  motionless  water  between  the  Azores,  the 
Canaries,  and  Cape  de  Verd  Islands,  of  260,000  square  miles — almost 
six  times  as  large  as  the  whole  of  Germany.  This  great  area  is  the 
Grassy  or  Sargasso  Sea,  so  called  from  its  being  so  thickly  covered 
with  the  seaweed  called  the  Fucus  or  Sargassum  natans,^  that  at  a 
certain  distance  it  seems  solid  enough  to  walk  upon.  These  sea- 
weeds probably  grow  on  the  spot,  but  the  great  accumulation  is 
pftrtly  due  to  the  circumstance  that  everything  that  floats  on  the 
Gulf-stream,  as  well  as  the  stream  itself,  trends  to  the  E. ;  so 
the  weeds  and  substances  that  come  from  other  parts  of  the  Atlantic 
to  the  Gulf-stream  are  carried 'across  it  to  its  eastern  side.  The 
bodies  of  animals  and  plants  of  unknown  appearance  to  Columbus 
and  his  companions,  brought  to  the  Azores  by  this  cause,  suggested 
to  that  great  man  the  idea  of  land  beyond  the  Western  Ocean,  and 
thus  led  to  the  discovery  of  the  New  World. 

It  is  a  common  practice  with  navigators  to  throw  bottles  overboard, 
containing  the  date  and  position  of  the  ship.  A  chart  has  been 
formed,  showing  the  direct  course  a  number  of  these  bottles  have 
taken  in  the  Atlantic,  from  which  it  appears  that  those  thrown  in 
south  of  45°  N.  lat.  arrive  either  at  the  Gulf  of  Mexico  or  the  West 
Indies,  and  all  those  committed  to  the  deep  N.  of  that  parallel  reach 
the  coasts  of  Europe  by  the  Gulf-stream  or  its  branches ;  Lieut. 
Maury  mentions,  however,  an  instance  of  a  bottle  thrown  overboard 
from  an  American  ship  off  Cape  Horn,  in  1837,  being  lately  found 
on  the  coast  of  Ireland.  It  appears  that  the  Gulf-stream  takes 
eight  months  to  flow  from  the  Gulf  of  Mexico  to  the  shores  of 
Europe,  and  that  the  broader  and  slower  current  takes  12  months 
to  travel  from  the  Bay  of  Biscay  back  to  the  Gulf  of  Mexico, 
periods  which  closely  accord  with  the  time  occupied  by  the  drift  of 
bottles. 

In  the  Atlantic  the  trade-winds  only  blow  steadily  between  the 
parallels  of  23°  N.  and  9°  S.  lat.,  and  between  these  limits  drift- 
currents  run  with  a  velocity  of  from  9  to  10  miles  in  24  hours. 
In  the  calm  regions  these  currents  are  very  feeble,  and  in  the  extra- 
tropical  seas,  like  the  prevailing  winds,  the  drift-currents  are  not  so 
steady,  they  do  not  always  flow  in  the  same  direction,  nor  with  the 
same  velocity. 

In  summer  the  great  north  polar  current  descending  along  the 
E.  coast  of  Greenland,  together  with  the  current  from  Davis  Strait, 
bring  icebergs  to  the  margin  of  the  Gulf-stream.     The  difference 


*  The  Macrocystis  pyrifera  is  also  fonnd  Id  the  Grassy  Sea :  the  stem  is 
not  thicker  than  a  man's  finger,  hut  from  1000  to  1500  feet  long,  branch- 
ing upwards  in  filaments  like  packthread. 
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between  the  temperatures  of  these  two  oceanic  streams  at  their 
iontact  is  the  cause  of  the  dense  fogs  that  hang  over  the  banks  of 
Newfoundland.  The  north  polar  current  runs  inside  of  the  Gulf- 
stream,  along  the  coast  of  North  America  to  Florida,  and  beyond  it, 
since  it  sends  an  under-current  into  the  Caribbean  Sea.  As  early 
as  the  year  1838  Mr.  W.  C.  Redfield  had  declared  it  to  be  his 
opinion  that  the  Arctic  current,  after  passing  the  banks  of  New- 
foundland, flows  beneath  the  Gulf-stream  to  the  S.  and  S.W.,  ft 
theory  that  has  been  confirmed  by  the  American  navigators,  who 
have  found  that  at  the  depth  of  370  fathoms  the  bed  of  the  Gulf- 
stream,  in  its  warmest  and  narrowest  part,  has  the  temperature  at 
32°,  so  that  it  flows  on  a  cushion  of  cold  water.  In  longitude  46® 
W.,  Commander  Dayman  found  that  the  water  had  a  temperature  of 
39°*7  at  a  depth  of  1000  fathoms  in  two  instances,  showing  a  remark- 
able contrast  at  so  small  a  distance ;  but  water  of  the  temperature  of 
30°  has  been  found  at  great  depths  by  Dr.  Carpenter  much  farther  E. 
The  current  of  cold  water  that  extends  from  Cape  Hatteras  to  the 
S.E.  of  the  Bermuda  Islands,  as  well  as  the  cold  bands  found  in  the 
Gulf-stream,  are  no  doubt  detached  portions  of  the  Arctic  current. 
The  fish  wMch  abound  to  excess  in  this  cold  current  never  enter  the 
Gulf-stream,  whose  existence  was  made  known  by  the  whales 
avoiding  its  warm  waters.  Counter-currents  on  the  surface  are  of 
such  frequent  occurrence  that  there  is  scarcely  a  strait  joining  two 
seas  that  does  not  furnish  one — a  current  running  in  along  one 
shore,  and  a  counter-current  running  out  along  the  other.  One  of 
the  most  remarkable  occurs  in  the  Atlantic :  it  begins  off  the  coast 
of  France,  and,  after  sending  a  mass  of  water  into  the  Mediterranean, 
it  follows  a  southerly  direction  at  some  distance  from  the  continent 
of  Africa;  till,  after  passing  Cape  Mesurada,  it  flows  rapidly  for 
1000  miles  due  £.  to  the  Bight  of  Biafra,  in  immediate  contact 
with  the  equatorial  current,  running  with  great  velocity  in  the 
opixwite  direction ;  it  appears  finally  to  merge  in  the  latter. 

Periodical  currents  are  frequent  in  the  eastern  seas :  one  flows 
into  the  Red  Sea  from  October  to  May,  and  out  of  it  from  May  to 
October.  In  the  Persian  Gulf  this  order  is  reversed ;  in  the  Indian 
Ocean  and  China  Sea  the  waters  are  driven  alternately  in  opposite 
directions  by  the  monsoons.  It  is  the  south-westerly  monsoon  that 
causes  inundations  in  the  Ganges,  and  a  tremendous  surf  on  the 
coast  of  Coromandel.  The  tides  also  produce  periodical  currents  on 
the  coasts  and  in  straits,  the  water  running  in  one  direction  during 
the  flood,  and  the  contrary  way  in  the  ebb.  The  Roost  of  Sum- 
burgh,  at  the  southern  promontory  of  Shetland,  runs  at  the  rate  of 
15  miles  an  hour ;  indeed  the  strongest  tidal  currents  known  are 
among  the  Orkney  and  Shetland  islands ;  their  great  velocity  arises 
from  local  circumstances.    Currents  in  the  wide  ocean  move  at  the 
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rate  of  from  one  to  three  miles  an  hour  in  their  centre ;  but  the 
velocity  is  less  at  the  sides  and  bottom  of  the  stream,  on  account  of 
friction.* 

Whirlpools  are  produced  by  opposing  winds  and  tides;  the  whirl- 
pool of  Maelstrom,  on  the  coast  of  Norway,  is  occasioned  by  the 
meeting  of  tidal  currents  round  the  islands  of  Lofoden  and  Moskoe ; 
it  is  a  mile  and  a  half  in  diameter,  and  so  violent  that  its  roar  is 
heard  at  the  distance  of  several  leagues.  But  the  danger  to  be 
apprehended  from  it  has  been  much  exaggerated. 

What  with  winds,  tides,  and  currents,  the  ocean  is  never  at  rest. 
Even  in  the  equatorial  regions,  far  from  land,  where  dead  calms 
prevail,  and  the  sea  is  apparently  in  the  most  perfect  stillness,  day 
after  day  partaking  of  the  universal  quiet,  yet  it  heaves  its  low  flat 
waves  in  noiseless  and  regular  periods  :  the  ocean  is  only  asleep,  its 
pulse  continues  to  beat,  and  evaporation  keeps  the  particles  of  its 
glassy  surface  in  ceaseless  motion. 

The  calm  of  the  equatorial  sea  is  sometimes  disturbed  by  a  super- 
ficial tumult  in  the  water  called  tide-rips,  which  move  along  with  a 
threatening  aspect  and  roaring  noise. 

The  safety  and  length  of  a  voyage  depend  upon  the  skill  with 
which  the  navigator  avails  himself  of  the  set  of  the  diiferent  cur- 
rents, and  the  direction  of  the  permanent  and  periodical  winds  ;  it 
is  frequently  shortened  by  following  a  very  circuitous  track  to  take 
advantage  of  them  if  favourable,  or  to  avoid  them  if  unfavourable. 
From  Acapulco,  in  Mexico,  across  the  Pacific  to  Manilla  or  Canton, 
the  trade-¥rind  and  the  equatorial  current  are  so  favourable  that  the 
voyage  is  accomplished  in  50  or  60  days ;  whereas,  in  returning,  90 
or  100  are  required.  Within  the  Antilles  navigation  is  so  difficult 
from  winds  and  currents  that  a  vessel  going  from  Jamaica  to  the 
Leaser  Antilles  cannot  sail  directly  across  the  Caribbean  Sea,  but 
must  go  round  about  through  the  windward  passage  between  Cuba 
and  Haiti  to  the  ocean;  nearly  as  many  weeks  are  requisite  to 
accomplish  this  voyage  as  it  takes  days  to  return.  On  account  of 
the  prevalence  of  westerly  winds  in  the  North  Atlantic,  the  voyage 
fix)m  Europe  to  the  United  States  is  longer  than  that  from  the 
latter  to  Europe ;  the  Gulf-stream  is  avoided  in  the  outward  voyage, 
and  advantage  taken  of  it  in  returning.  Ships  going  to  the  West 
Indies,  Central  or  South  America,  from  Europe,  generally  make  the 
Canary  Islands  in  order  to  fall  in  with  the  N.E.  trade-winds,  which 
carry  them  to  within  10  degrees  of  the  equator. 

The  passage  to  the  Cape  of  Good  Hope  from  Great  Britain  may 


*  The  reader  is  referred  to  the  works  of  Lieut.  Manry  and  Mr.  Keith 
Johnston,  already  mentioned,  for  a  more  extensive  account  of  currents  in  the 
ocean. 
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be  undertaken  at  any  season,  and  is  accomplished  in  50  or  60  days ; 
but  it  is  necessary  to  regulate  the  voyage  from  the  Cape  to  India 
and  China  according  to  the  season  of  the  monsoons.  There  are 
yarious  courses  adopted  for  that  purpose,  but  all  of  them  pass 
through  the  very  focus  of  the  hurricane  district,  which  includes  the 
islands  of  Rodriguez,  Mauritius,  and  Bourbon,  and  extends  from 
Madagascar  to  the  island  of  llmor. 

The  shortest  distance  between  any  two  points  on  the  surface  of 
the  globe  is  the  arc  of  a  great  circle ;  hence  the  length  of  a  voyage 
will  depend  u]K)n  the  skill  in  keeping  that  line  as  nearly  as  the 
winds  and  currents  will  permit,  but  the  currents  either  do  or  tend 
to  follow  that  line.  The  physical  geography  of  the  sea  is  now  suffi- 
ciently well  known  to  enable  the  mariner,  by  the  aid  of  charts  of  the 
winds  and  currents,  to  pursue  his  course  across  the  trackless  ocean 
with  as  much  confidence  and  certainty  as  if  it  were  a  railway.  Com- 
mander Maury  gives  an  instance  of  two  large  ships  which  left  New 
York  i'or  California,  a  distance  of  16,000  miles.  One,  which  was 
the  fastest  sailer,  set  out  nine  days  later,  overtook  and  spoke  to  the 
other  oflf  Ca{>e  Horn,  passed  on,  and  arrived  first.  They  were  un- 
connecteii,  but  running  against  time ;  and  after  the  voyage,  when 
their  courses  were  laid  down  on  the  chart,  they  were  all  but  identical. 
Another  instance  is  given  of  a  race  between  three  vessels  going  the 
same  long  voyage,  quite  unconnected,  who  yet,  amidst  all  the 
vicissitudes  of  climate,  winds,  and  currents,  passed,  re{>as8ed,  and 
frequently  recognised  each  other,  as  if  they  had  been  on  a  rac^ 
course. 

§  5.  Since  water  is  a  bad  conductor  of  heat,  the  temperature 
of  the  ocean  is  less  liable  to  sudden  changes  than  the  atmosphere ; 
the  influence  of  the  seasons  is  imperceptible  at  the  depth  of  200 
feet ;  and  the  direct  heat  of  the  sun  does  not  affect  the  bottom  of 
a  deep  sea.  From  recent  observations  of  deep-sea  temperatures  in 
the  Arabian  Sea  and  other  parts  of  the  ocean,  it  is  probable  that 
there  is  a  uniform  temperature  of  30°  Fahr.,  or  even  lower,  at  great 
depths,  provided  the  bed  of  the  ocean  permits  free  communication 
between  the  polar  seas  and  these  depths.  Mr.  Buchan'  remarks, 
"  It  must  be  kept  in  mind  that  the  whole  water  of  the  seas  over  the 
globe  is  one  body ;  and  on  account  of  its  fluidity  a  free  communica- 
tion is  kept  up  among  its  different  parts ;  and,  since  sea-water  con- 
tracts, and  consequently  gains  in  density,  as  it  is  cooled  until  it 
freezes,  the  cold  water  tends  everywhere  to  flow  towards  and  settle 
in  the  depths  of  the  ocean.  From  this  it  follows  that  the  water  of 
the  sea  will,  below  a  certain  depth,  fall  to  one  uniform  temperature, 
and  that  temperature  just  as  cold  as  the  surface  t-emperatures  of  the 

*  *  Handy  Book  of  Meteorology.' 
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sea  over  the  whole  globe  can  reduce  it  to/*  As  the  maximum  density 
of  salt  water  is  27°*2,  it  follows  that  the  deep-sea  temperature  of 
polar  regions  cannot  fall  below  27°'2.  Whether  the  temperature  at 
great  depths  in  lower  latitudes  is  maintained  at  this  point  remains 
to  be  proved  by  observations  made  with  the  recently  invented 
Miller-Casella  thermometer. 

The  temperature  of  the  surface  of  the  ocean  decreases  from  the 
equator  to  the  poles.  For  10  degrees  on  each  side  of  that  line  the 
maximum  is  84°*6  E.  of  New  Guinea ;  from  thence  to  each  tropic 
the  decrease  varies  considerably.  The  tropical  temperature  would 
be  greater  were  it  not  for  the  currents.  In  the  torrid  zone  the 
surface  of  the  sea  is  about  3°  of  Fahrenheit  warmer  than  the  air 
above  it,  because  the  polar  winds,  and  the  great  evaporation  which 
abstracts  the  heat,  prevent  equilibrium ;  and  as  a  great  mass  of 
water  is  slow  in  following  the  changes  in  the  atmosphere,  the 
vicissitude  of  day  and  night  has  little  influence,  whereas  in  the 
temperate  zones  it  is  perceptible. 

The  line  of  maximum  temperature,  or  that  which  passes  through 
all  the  points  of  greatest  heat  in  the  ocean,  is  very  irregular,  and 
does  not  coincide  with  the  terrestrial  equator;  six-tenths  of  its 
extent  lie  on  an  average  6°  to  the  N.  of  it,  and  the  remainder  runs 
at  a  mean  distance  of  3°  on  its  southern  side.  It  cuts  the  terres- 
trial equator  in  the  middle  of  the  Pacific  Ocean  in  120°  W.  longitude 
in  passing  from  the  northern  to  the  southern  hemisphere,  and  again 
through  the  Solomon  Islands  in  returning  from  the  southern  to  the 
northern.  Its  maximum  temperature  in  the  Pacific  is  84r°*5  of 
Fahrenheit  on  the  eastern  shores  of  New  Guinea,  where  it  touches 
the  terrestrial  equator,  and  its  highest  temperature  in  the  Atlantic, 
which  is  83°*5,  lies  in  the  Caribbean  Sea,  off  Belize,  which  furnishes 
the  warm  water  of  the  Gulf-stream. 

The  superficial  water  of  the  Pacific  is  much  cooled  on  the  E.  by 
the  Antarctic  or  Humboldt's  current.  It  is  about  10°  colder  than 
the  adjacent  ocean,  and  renders  the  air  much  cooler  Ihan  the  sur- 
rounding atmosphere. 

In  the  Indian  Ocean  the  highest  temperature  of  the  surface-water 
(82°'9)  is  in  the  Arabian  Sea,  between  the  coast  of  Africa  and 
Ceylon. 

The  superficial  temperature  diminishes  from  the  tropics  with  the 
increase  of  the  latitude  more  rapidly  in  the  southern  than  in  the 
northern  hemisphere. 

§  6.  Icebergs  come  to  a  lower  latitude  by  10°  from  the  south  pole 
than  from  the  N. ;  they  have  been  seen  near  the  Caj^e  of  Good 
Hope,  and  are  often  of  great  size ;  one  observed  by  the  late  Admiral 
Dumont  d'Urville  was  13  miles  long,  with  perpendicular  sides  100 
feet  high  above  the  water :  they  are  less  varied  in  shape  than  those 
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in  the  northern  seas.  The  discovery  ships  under  the  command  of 
Sir  James  Ross  met  with  multitudes  with  flat  surfaces,  bounded  by 
perpendicular  cliffs  on  every  side,  from  100  to  180  feet  high,  some- 
times several  miles  in  circumference.  Their  size  must  have  been 
enormous,  since  more  than  two-thirds  of  their  mass  was  below  water. 
From  the  condensation  of  moisture  in  the  surrounding  air  by  their 
cold,  they  are  often  enveloped  in  mist,  which  makes  them  still  more 
formidable  to  navigators.  On  one  occasion  the  latter  ofiBcer  fell  in 
with  a  chain  of  stupendous  bergs  close  to  one  another,  extending 
farther  than  the  eye  could  reach  even  from  the  mast-head.  Packed 
ice  too  is  often  in  immense  quantities :  these  ships  forced  their  way 
through  a  pack  1000  miles  broad,  often  imder  the  most  appalling 
circimistances.  It  generally  consists  of  smaller  pieces  than  the 
packs  in  the  comparatively  tranquil  north  polar  seas,  where  they 
are  often  several  miles  in  diameter,  and  where  fields  of  ice  extend 
beyond  the  reach  of  vision.  The  Antarctic  Ocean,  on  the  contrary, 
is  almost  always  agitated ;  there  is  a  perpetual  swell,  and  terrific 
storms  are  common,  which  break  up  the  ice  and  render  navigation 
perilous.  The  floe  pieces  are  rarely  a  quarter  of  a  mile  in  circum- 
ference, and  generally  much  smaller. 

A  more  dreadful  situation  can  hardly  be  imagined  than  that  of 
ships  beset  during  a  tempest  in  a  dense  pack  of  ice  in  a  dark  night, 
thick  fog,  and  drifting  snow,  with  the  spray  beating  perpetually 
over  the  decks  and  freezing  instantaneously.  Sir  James  Ross's  own 
words  can  alone  give  an  idea  of  the  terrors  of  one  of  the  many  gales 
which  the  two  ships  under  his  command  encoimtered : — "  Soon  after 
midnight  our  ships  were  involved  in  an  ocean  of  rolling  fragments 
of  ice,  hard  as  floating  rocks  of  granite,  which  were  dashed  against 
them  by  the  waves  with  so  much  violence  that  their  masts  quivered 
as  if  they  would  fall  at  every  successive  blow ;  and  the  destruction 
of  the  ships  seemed  inevitable  from  the  tremendous  shocks  they 
received.  In  the  early  part  of  the  storm  the  rudder  of  the  Erebus 
was  so  much  damaged  as  to  be  no  longer  of  any  use ;  and  about  the 
same  time  I  was  informed  by  signal  that  the  Terror's  was  com- 
pletely destroyed  and  nearly  torn  away  from  the  stem-post.  Hour 
passed  away  after  hour  without  the  least  mitigation  of  the  awful 
circumstances  in  which  we  were  placed.  The  loud  crashing  noise 
of  the  straining  and  working  of  the  timbers  and  decks,  as  they 
were  driven  against  some  of  the  heavier  pieces  of  ice,  which  all  the 
exertions  of  our  people  could  not  prevent,  was  sufficient  to  fill  the 
stoutest  heart,  that  was  not  supported  by  trust  in  Him  who  controls 
all  events,  with  dismay ;  and  I  should  commit  an  act  of  injustice 
to  my  companions  if  1  did  not  express  my  admiration  of  their 
conduct  on  this  trying  occasion.  Throughout  a  period  of  28  hours, 
during  any  one  of  which  there  appeared  to  be  very  little  hope  that 
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we  should  live  to  see  another,  the  coolness,  steady  obedience,  and 
untiring  exertions  of  each  individual  were  every  way  worthy  of 
British  seamen. 

*'The  storm  gained  its  height  at  2  p.m.,  when  the  barometer 
stood  at  28*40  inches,  and  after  that  time  began  to  rise.  Although 
we  had  been  forced  many  miles  deeper  into  the  pack,  we  could  not 
perceive  that  the  swell  had  at  all  subsided,  our  ships  still  rolling 
and  groaning  amidst  the  heavy  fragments  of  crushing  bergs,  over 
which  the  ocean  rolled  its  mountainous  waves,  throwing  huge 
masses  upon  one  another,  and  then  again  burying  them  deep 
beneath  its  foaming  waters,  dashing  and  grinding  them  together 
with  fearful  violence." 

For  three  successive  years  were  these  dangers  encountered  during 
this  bold  and  hazardous  enterprise.  It  was  impossible  to  pass  the 
winter  in  these  southern  seas,  but  in  the  various  expeditions  to  the 
North  Polar  Ocean  the  ships  were  frozen  fast  in  lx)undless  fields  of 
ice  for  many  months,  ready  to  continue  their  perilous  voyage  as 
soon  as  the  late  and  short  summer  should  break  it  up. 

The  surface  of  the  Arctic  Ocean,  filling  the  area  of  a  circle  of 
between  3000  and  4000  miles  in  diameter,  is  always  at  the  freezing- 
point  of  fresh-water,  and  in  winter  it  is  encircled  by  a  zone  of  ice 
probably  not  extending  much  beyond  82°  of  N.  lat.,  as  there  is 
every  reason  to  believe  that  there  is  an  open  ocean  in  the  vicinity 
of  the  pole.  The  outline  of  this  zone,  though  subject  to  partial 
variations,  is  found  to  be  nearly  similar  at  the  same  season  of  each 
succeeding  year,  yet  there  are  periodical  changes  in  the  ice  which 
are  renewed  after  a  series  of  years.  The  freezing  process  itself  is  a 
bar  to  the  unlimited  increase  of  the  oceanic  ice.  Fresh- water 
congeals  at  the  temperature  of  32°  of  Fahrenheit,  but  sea- water 
must  be  reduced  to  27°*2  before  it  deposits  its  salt  and  begins  to 
freeze:  the  salt  thus  set  free,  and  the  heat  given  out,  retard  the 
process  of  congelation  more  and  more  below.  The  ice  from  the  N. 
extends  so  far  S.  in  winter  as  to  render  the  coast  of  Newfoundland 
inaccessible ;  it  envelops  Greenland,  sometimes  even  Iceland,  and 
always  invests  Spitzbergen  and  Novaia  Zemlia. 

As  the  sun  comes  N.  the  zone  of  ice  breaks  up  into  enormous 
masses  of  what  is  called  packed  ice.  Floating  fields  of  ice,  20  or  30 
miles  in  diameter,  are  frequent  in  the  Arctic  Ocean:  sometimes 
they  extend  100  miles,  so  closely  packed  together  that  no  opening 
is  left  between  them :  their  thickness,  which  varies  from  10  to  40 
feet,  is  not  seen,  as  there  is  at  least  two-thirds  of  the  mass  below 
water.  Sometimes  these  fields,  many  thousand  millions  of  tons  in 
weight,  acquire  a  rotatory  motion  of  great  velocity,  dashing  against 
one  another  with  a  tremendous  collision.  Packed  ice  always  has  a 
tendency  to  drift  southwards  even  in  the  calmest  weather ;  and  in 
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their  progress  the  ice-fields  are  rent  in  pieces  by  the  swell  of  the 
sea.  It  is  computed  that  20,000  square  miles  of  drift-ice  are 
annually  brought  by  the  current  along  the  coast  of  Greenland  to 
Cape  Farewell.  In  stormy  weather  the  fields  and  streams  of  ice 
are  covered  with  haze  and  spray  from  constant  tremendous  con- 
cussions; yet  our  seamen,  undismayed  by  the  appalling  danger, 
boldly  steer  their  ships  amidst  this  hideous  and  discordant  tumult. 

Huge  icebergs  detached  from  enormous  masses  of  ice  that  fill  the 
Greenland  fiords  are  drifted  southward  2000  miles  to  melt  in  the 
Atlantic,  where  they  cool  the  water  for  30  or  40  miles  around,  and 
the  air  to  a  much  greater  distance.  They  vary  from  a  few  yards  to 
miles  in  circumference,  and  rise  several  hundred  feet  above  the  sur- 
face. Seven  hundred  such  masses  have  been  seen  at  once  iii  the 
polar  basin.  When  there  is  a  swell,  the  loose  ice  dashing  against 
them  raises  the  spray  to  their  very  summits,  and  as  they  waste 
away,  they  sometimes  lose  their  equilibrium  and  roll  over,  causing 
a  swell  which  breaks  up  the  neighbouring  field-ice  ;  the  commotion 
spreads  far  and  wide,  and  the  uproar  resounds  like  thunder. 

Icebergs  have  the  api)earance  of  chalk-clififs  with  a  glittering  sur- 
fskce  and  emerald-green  fractures.  Pools  of  azure-blue  water  lie  on 
their  surface,  or  fall  in  cascades  from  them.  The  field-ice  also,  and 
the  masses  that  are  heaped  upon  its  surface,  are  extremely  beauti- 
ful from  the  vividness  and  contrast  of  their  colouring.  A  peculiar 
blackness  in  the  atmosphere  round  a  bright  haze  at  the  horizon 
indicates  their  position  in  a  fog,  and  their  place  and  character  are 
shown  at  night  by  the  reflection  of  the  snotu-light  on  the  horizon. 
An  experienced  seaman  can  readily  distinguish  by  the  6/mAr,  as  it 
is  termed,  whether  the  ice  is  newly  formed,  heavy,  compact,  or 
open.  The  blink,  or  snow-light,  of  field-ice  is  the  most  lucid  and 
is  tinged  with  yellow ;  of  packed  ice  it  is  pure  white ;  ice  newly 
formed  has  a  greyish  blink ;  and  a  deep-yellow  tint  indicates  snow 
on  land. 

The  Pacific  is  only  connected  with  the  Arctic  Ocean  by  Behring 
Strait,  through  which  narrow  channel  a  surface-current  sets  to  the 
N. ;  but  the  Atlantic  penetrates  far  beyond  the  Arctic  Circle  to 
the  E.  of  Greenland,  and  also  into  Davis  Strait,  which  last  spreads 
out  into  Baffin  Bay,  twice  the  size  of  the  Baltic,  very  deep,  and 
subject  to  all  the  rigours  of  an  Arctic  winter,  the  very  storehouse  of 
icebergs,  the  abode  of  the  walrus  and  the  whale ;  Baffin  Bay  itself 
is  but  the  highway  by  Smith  Sound  to  the  Polar  Ocean,  which 
in  its  northern  prolongation  occupies  an  area  of  a  million  and  a  half 
of  square  miles  as  yet  unexplored. 

There  is  a  perpetual  circulation  of  water  between  the  Arctic 
Ocean  and  the  Atlantic.  Currents  of  cold  water  flow  southwards 
on  the  surface  of  the  Arctic  Ocean  into  the  Atlantic,  while  sub- 
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marine  currents  of  warmer  water  come  irom  the  Atlantic  to  the 
Arctic  Seas:  the  freshness  of  the  former,  from  the  melting  of 
the  ice  as  the  sun  traveb  N.,  making  it  buoyant,  though  cold ;  and 
the  saltness  of  the  other  making  it  heavy,  though  comparatively 
warm.  But  in  time  the  qualities  of  each  are  changed,  and  they 
return  to  the  oceans  whence  they  came  to  maintain  the  equilibrium 
of  the  seas. 

The  surface-current  must  be  extremely  powerful,  for  a  field  of  ice, 
300,000  square  miles  in  extent,  carried  the  Resolute  firmly  fixed  in 
it  for  1000  miles  to  the  S.  The  Resolute  had  been  abandoned  by 
Captain  Kellett  some  years  before  sealed  up  in  that  mass  of  ice,  at 
Melville  Island,  and  was  found  in  the  midst  of  Baffin  Bay  by  some 
American  whalers,  by  whom  she  was  taken  to  the  United  States, 
purchased  by  the  government  of  that  country,  and  courteously 
restored  to  Her  Majesty.  Lieutenant  De  Haven,  who  was  generously 
sent  in  the  brig  Advance  by  the  United  States  in  search  of  Sir  John 
Franklin,  was  frozen  up  for  nine  months  in  a  field  of  ice  of  equal 
magnitude  mid-channel  in  Davis  Strait,  and  was  carried  by  the 
current  to  the  S.  for  1000  miles.  The  average  thickness  of  the  ice 
was  seven  feet,  and  Maury  computed  that  an  area  of  ice  of  300,000 
square  miles  seven  feet  thick  would  weigh  18  billions  of  tons,  and 
that  a  quantity  of  water  many  times  greater  would  be  required  to 
float  or  drive  this  mass  through  Davis  Strait. 

§  7.  The  Russians  would  be  saved  a  voyage  of  18,800  geogra- 
phical miles  could  they  cross  the  pole  and  pass  through  Behring 
Strait  to  their  North  Pacific  settlements  instead  of  going  by  Cape 
Horn;  and  a  direct  course  from  the  Thames,  across  the  north 
pole,  to  Behring  Strait,  would  only  be  3570  geographical  miles.  But 
even  if  the  pole  could  not  be  attained,  it  would  evidently  be  of  the 
greatest  advantage  to  all  the  maritime  nations  of  Europe  were  it 
possible  to  sail  from  the  Atlantic  to  the  Pacific  Ocean  by  the 
northern  coasts  of  America.  The  hopes  of  being  able  to  accomplish 
this  north-western  passage  has  led  to  numerous  voyages  in  which 
the  highest  qualities  and  virtues  of  man  have  been  displayed. 

War  had  for  many  years  put  a  stop  to  enterprise  when  Dr. 
Scoresby,  on  a  whaling  voyage  with  his  father  in  1806,  reached  the 
parallel  of  81°  SO'  N.,  midway  between  Greenland  and  Spitzbergen, 
where  the  sea  was  open  for  18,000  square  miles,  and  he  afterwards 
found  the  E.  coast  of  Greenland,  hitherto  supposed  to  be  inaccessible, 
free  from  ice  from  70°  to  80°  N.  lat.,  and  for  10°  of  longitude.  In 
consequence  of  these  discoveries  the  hope  of  penetrating  to  the 
Arctic  Ocean  revived,  and  in  1818  four  ships  were  sent  by  the 
British  Government  to  find  their  way  N.  about  to  Behring  Strait ; 
two,  commanded  by  Captains  Parry  and  Ross,  were  to  proceed 
bj  Davis  Strait,  and  the  other  two,  under  the  command  of  Captains 
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Bachan  and  Franklin,  by  the  open  sea  at  Spitsbergen  across  the 
pole.  Both  failed  in  the  object  of  their  mission,  and  from  that  time 
to  1845  numerous  similar  attempts  were  made  without  success. 
After  spending  years  in  these  dreary  regions,  they  all  returned 
baffled  by  impenetrable  barriers  of  ice,  not  however  without  having 
made  important  discoveries  both  in  geography  and  general  science. 

As  it  is  not  in  the  nature  of  the  Anglo-Saxon  race  lightly  to  give 
up  anything  they  have  once  undertaken,  so  in  1845  a  new  expedi- 
tion was  planned,  and  a  great  number  of  volunteers,  both  of  men 
and  officers,  offered  to  embark  for  the  ice-bound  seas  of  the  N.,  not- 
withstanding the  sufferings  and  dangers  which  they  knew  awaited 
them,  and  which  many  of  them  had  already  experienced. 

The  conmiand  offered  by  the  Admiralty  was  joyfully  accepted 
by  Sir  John  Franklin,  on  his  return  from  having  governed  Tasmania 
for  several  years.  He  was  an  honour  even  to  the  British  navy, 
where  there  is  so  much  honour.  Besides  long  voyages  in  various 
parts  of  the  world,  he  had  in  former  years  made  two  in  the  Arctic 
Seas,  so  he  was  perfectly  acquainted  with  all  that  is  requisite  for 
that  difficult  navigation. 

The  expedition  consisted  of  two  screw  steamers,  perfectly  equipped 
and  prepared  to  resist  the  pressure  of  the  ice,  furnished  with  every- 
thing that  was  necessary,  and  a  transport  accompanied  them  tp- 
Davis  Strait  to  complete  their  supply  of  provisions.  Sir  John  com- 
manded the  Erebus,  and  Captain  Crosier,  who  had  been  second  in 
command  in  the  Antarctic  Seas  with  Sir  James  Boss,  and  had  made 
two  Arctic  voyages  with  Sir  Edward  Parry,  commanded  the  Terror. 
Their  orders  were  to  proceed  by  Lancaster  Sound  and  Barrow  Strait 
to  74°  acy  N.  lat.,  from  thence  to  make  Cape  Walker  in  98°  W. 
long.,  and  then  to  find  their  way  to  Behring  Strait.  They  sailed 
from  the  lliames  on  the  19th  of  May,  and  arrived  in  safety  at 
Whalefish  Island  on  the  E.  coast  of  Davis  Strait.  There  they 
wrote  the  last  letters  that  ever  were  received  from  them,  and  the 
ships  were  seen  for  the  last  time  on  the  26th  of  July  by  the  Prince 
of  Wales  whaler,  moored  to  a  floating  mass  of  ice  in  76°  48'  N. 
lat.  and  66°  13'  W.  long. 

Although  it  was  known  that  the  voyage  would  last  more  than 
one  year,  yet  fears  were  felt  for  their  safety  as  early  as  1848,  and 
from  that  time  one  expedition  after  another  was  sent,  some  by 
Davis  and  others  by  Behring  Strait ;  yet  with  all  the  advantage«< 
of  scientific  knowledge,  steam,  and  practical  skill,  the  intricacies  of 
these  frozen  seas  were  searched  in  vain,  though  searched  with  the 
zeal  of  affection  and  friendship.  Lady  Franklin,  for  whom  every 
one  felt  the  deepest  sympathy,  sent  two  ships  and  aided  in  the 
equipment  of  a  third ;  her  long-continued  hope  and  energy  lasted 
long  after  all  hope  was  at  an  end.    Even  after  the  lapse  of  more 
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than  11  years  her  affection  induced  her  to  send  a  steamer  to  the 
Arctic  Seas,  trusting  that  the  crews  might  still  exist  among  the 
horde  of  Esquimaux,  or  that  some  relics  of  them  might  be  found 
should  they  have  perished. 

Two  of  the  expeditions  were  attended  by  great  and  important 
results.  The  Enterprise  and  Investigator,  commanded  by  Captains 
Collinson  and  M*Clure,  sailed  on  the  10th  of  January,  1850,  for 
Behring  Strait.  Captain  M*Clure  in  the  Investigator  arrived  first, 
passed  through  the  strait,  and  with  great  difficulty,  touching  at 
Capes  Barrow  and  Parry,  steered  N.  through  an  open  sea  to  an  un- 
known land,  which  turned  out  to  be  Banks  Land,  or  island,  so 
named  by  Sir  Edward  Parry,  who  had  seen  its  northern  coast  during 
the  memorable  winter  he  spent  at  Melville  Island.  Captain  M'Clure 
then  sailed  through  a  strait  between  that  island  and  Prince  Albert 
Land  to  73°  N.  lat.,  since  called  Prince  of  Wales  Strait.  Being 
prevented  by  ice  from  proceeding  farther,  Captain  M*Clure  turned 
back,  and  was  frozen  up  in  the  strait  for  nine  months.  During 
that  time  excursions  were  made  in  various  directions  in  search  of 
the  missing  ships,  but  in  vain.  In  one  of  these  excursions  it  wan 
found  that  Prince  of  Wales  Strait  opened  into  Barrow  Gulf,  which 
leads  by  the  straits  of  Barrow  and  Lancaster  into  Baffin  Bay ;  and 
as  these  latter  had  been  previously  examined  from  the  eastward  by 
Parry  and  others,  this  discovery  settled  the  question  of  the  N.W. 
passage,  which  Captain  M*Clure  has  had  the  honour  of  having 
•effect^ — the  object  of  so  many  voyages  of  peril  and  suffering. 

In  the  late  spring  of  1852  the  Investigator  was  released  from 
it8  icy  prison,  but,  finding  it  impossible  to  enter  Barrow  Gulf,  and 
wishing  to  reach  Melville  Island  before  another  winter.  Captain 
M*Clure  sailed  round  the  W.  side  of  Banks  Land,  but  could  get  no 
farther  than  a  deep  bay  on  the  N.  side,  where  he  wintered,  and  to 
which  he  gave  the  name  of  the  Bay  of  God's  Mercy.  After  being 
so  long  at  sea,  their  provisions  began  to  fail,  but  at  first  the  deer 
and  musk  oxen,  which  abound  in  the  island,  furnished  them  with 
plenty  of  food ;  however,  the  winters  of  1852-3  were  uncommonly 
severe,  the  men  had  to  go  far  in  chase  of  these  animals,  by  degrees 
their  strength  failed,  they  became  low,  sickly,  and  dispirited.  It 
was  an  arduous  journey  of  10  days  over  the  ice  to  Melville  Island, 
nevertheless  Captain  M*Clure  effected  it  without  any  loss,  and  de« 
lH»sited  a  paper  at  the  spot  where  Sir  Edward  Parry  had  passed  a 
winter,  in  which  he  gave  information  of  his  situation,  begged  for 
aid,  and  requested  that  those  who  might  find  it  would  forward  it  to 
England.  At  the  same  time,  impressed,  after  his  long  imprison- 
ment in  the  ice,  that  some  decisive  step  should  be  taken  for  their 
rescue,  it  was  determined  that  one  part  of  the  crew,  under  com- 
mand of  the  first  lieutenant,  should  find  their  way  to  M'Eenzie 
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River,  and  that  with  the  rest  the  captain  shoald  patiently  await 
the  breaking  up  of  the  ice,  and  endeavour  to  navigate  the  ship  to 
Baffin  Bay. 

Anxiety  now  began  to  be  felt  for  the  fate  of  this  expedition  also, 
and  anot}ier,  consisting  of  four  ships,  sailed  from  England  under 
the  command  of  Sir  Edward  Belcher  in  April  1852,  for  Davis  Strait. 
Two  of  the  vessels  were  to  go  in  search  of  Sir  John  Franklin ;  the 
others,  including  the  Resolute,  commanded  by  Captain  Kellett,  had 
orders  to  deposit  provisions  in  Melville  Island  for  the  Enterprise  and 
Investigator,  should  they  call  there.  On  arriving  they  found  the 
documents  deposited  by  Captain  M'Clure,  and  a  party  soon  after 
set  out  to  discover  if  he  was  still  in  the  Bay  of  Mercy. 

On  the  day  before  their  intended  separation  (April  19th,  1853), 
Captain  M'Clure  and  his  first  lieutenant  were  walking  on  the  ice, 
when  they  saw  a  man  running,  and  thought  it  one  of  the  crew 
chased  by  a  bear — it  was  Lieut.  Pirn  of  the  Resolute.  Words  fail 
to  describe  that  meeting — they  were  at  last  rescued  from  their  perils. 
The  joy  of  the  ship's  company  and  their  gratitude  to  God  for  their 
deliverance  were  unbounded. 

The  sequel  of  this  remarkable  expedition  may  be  told  in  a  few 
words.  Means  were  immediately  adopted  for  conveying  over  the 
ice  to  Melville  Island  the  Investigator's  exhausted  crew,  where  they 
arrived  in  June :  a  portion  remained  there,  the  most  robust  having 
proceeded  to  the  general  rendezvous  at  Beechey  Island.  All,  how- 
ever, were  destined  to  spend  another  dreary  winter  in  the  ice  ;  but 
on  Sir  Kdward  Belcher's  much  criticised  measure  of  ordering  the 
abandonment  of  all  the  ships  under  his  orders  engaged  in  the  search 
for  Franklin  in  May,  their  united  crews,  including  that  of  the 
Investigator,  embarked  for  England,  which  they  reached  in  the 
autumn  of  1854. 

Not  discouraged  by  so  many  failures.  Lady  Franklin  fitted  out  a 
fourth  expedition,  under  the  command  of  Captain  (now  Sir  Leopold) 
M*Clintock,  who  sailed  from  Aberdeen  in  the  Fox  on  the  17th  July, 
1857.  His  ship  was  beset  by  ice  between  Melville  Bay  and  Lan- 
caster Sound,  and  drifted  back  with  the  ice  through  1194  geogra- 
phical miles.  On  the  breaking  up  of  the  ice.  Captain  M'Clintock 
continued  his  voyage  and  research  under  circumstances  of  great 
peril,  but  it  was  not  till  the  spring  of  1860  that  any  traces  of  the 
lost  expedition  were  obtained.  On  the  north-western  shore  of  King 
William's  Island,  so  desolate  that  even  the  wandering  Esquimaux 
never  approach  it,  a  tin  case  that  had  been  buried  in  a  cairn  12 
years  before  was  discovered*  It  contained  a  written  document  in 
which  it  was  recorded  that  Sir  John  Franklin  died  on  the  11th 
June  1847,  that  the  ships  had  been  abandoned  about  15  miles  to 
the  N.N.W.  of  that  desert  island,  and  that  105  of  the  survivors 
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intended  to  proceed  next  day  to  Back's  Fish  River  and  must  have 
perished  on  the  way.  Of  the  2000  miles  of  ocean  forming  the 
N.W.  passage  between  the  Atlantic  and  Pacific,  no  less  than  1260 
miles  had  been  investigated  under  the  command  of  Sir  John 
Franklin  either  by  ship  or  boat,  and  in  this  last  and  fatal  voyage 
560  miles  of  unknown  sea  had  been  navigated ;  so  that  he  and  his 
companions  have  the  honour  of  being  the  first  who  have  made  the 
N.W.  passage,  but  the  way  was  prepared  by  the  numerous  brave 
men  who  had  navigated  these  ice-clad  seas  for  40  years.  Captain 
M'Clintock  and  his  officers  have  discovered  600  miles  of  new  coast- 
line of  North  America,  which  completes  our  geographic  knowledge 
of  the  Arctic  limits  of  that  continent. 

{  8.  The  ocean  is  one  mass  of  water,  which,  entering  into  the 
interior  of  the  continents,  has  formed  seas  and  gulfs  of  great  magni- 
tude, which  afford  easy  and  rapid  means  of  communication,  while 
they  temper  the  climates  of  the  widely  expanding  continents. 

The  inland  seas  communicating  with  the  Atlantic  are  larger,  and 
penetrate  more  deeply  into  the  continents,  than  those  connected 
with  the  great  ocean ;  a  circumstance  which  gives  a  coast-line  of 
48,000  miles  in  extent  to  the  former,  while  that  of  the  great  ocean 
is  only  44,000.  Most  of  these  internal  seas  have  extensive  river 
tributaries,  so  that  by  inland  navigation  the  Atlantic  virtually 
enters  into  the  deepest  recesses  of  the  land,  brings  remote  regions 
into  contact,  and  improves  the  condition  of  the  less  cultivated  races 
of  mankind  by  commercial  intercourse  with  those  that  are  more 
civilized. 

The  Baltic,  which  occupies  125,000  square  miles  in  the  centre  of 
northern  Europe,  is  one  of  the  most  important  of  the  inland  seas 
connected  with  the  Atlantic,  and,  although  inferior  to  the  others  in 
size,  the  drainage  of  more  than  a  fifth  of  Europe  flows  into  it.  Only 
about  a  fourth  part  of  the  boundary  of  its  enormous  basin  of 
900,000  square  miles  is  mountainous ;  and  so  many  navigable  rivers 
flow  into  it  from  the  watershed  of  the  great  European  plain,  that  its 
waters  are  nearly  one-fourth  less  salt  than  those  of  the  Atlantic :  it 
receives  at  least  250  streams.  Its  depth  nowhere  exceeds  167 
fathoms,^  and  generally  it  is  not  more  than  40  or  50.  From  that 
cause,  together  with  its  freshness  and  its  higher  northern  latitude, 
the  Baltic  is  frozen  during  five  months  in  the  year. 

From  the  flatness  of  the  greater  part  of  the  adjacent  country,  the 
climate  of  the  Baltic  is  subject  to  influences  that  have  their  origin 
in  regions  far  beyond  the  limits  of  its  river-basin.  The  winds  from 
the  Atlantic  bring  warmth  and  moisture,  which,  condensed  by  the 
cold  blasts  from  the  Arctic  plains,  falls  in  rain  in  summer,  and 

*  By  Captain  Albrecht's  soiindiiigs. 
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deep  snow  in  winter,  which  diminishes  its  saltness,  but  an  under 
and  Salter  current  flows  into  the  Baltic  through  the  Sound.  Regular 
tides  in  the  Baltic  are  imperceptible ;  but  the  waters  occasionally 
rise  more  than  three  feet  above  their  usual  level  from  some  unknown 
cause — possibly  from  subterranean  oscillations  in  its  bed,  or  from 
changes  of  atmospheric  pressure. 

The  Black  Sea,  which  penetrates  deeply  into  the  continent,  has, 
together  with  the  Sea  of  Azov,  an  area  of  190,000  square  miles :  it 
was  at  a  remote  period  probably  united  with  the  Caspian  Lake,  their 
waters  having  covered  all  the  steppe  of  Astrakhan.  It  receives  some 
of  the  largest  European  rivers,  and  drains  about  950,000  square 
miles,  consequently  its  waters  are  brackish  and  freeze  on  its  northern 
shores  in  winter.  It  is  very  deep,  no  bottom  having  been  reached 
in  some  places  at  960  feet ;  on  the  melting  of  the  snow,  such  a  body 
of  water  is  poured  into  it  by  the  great  European  rivers  as  to  produce 
a  rapid  current,  which  sets  along  the  western  shore  from  the  mouth 
of  the  Dnieper  to  the  Bosphorus.  The  Sea  of  Azov  may  almost 
be  considered  as  the  estuary  of  the  Don,  notwithstanding  its  con- 
siderable extent  of  nearly  2000  square  miles.  Its  current  is  pro- 
duced by  the  influx  of  that  great  river :  its  greatest  depth  is  40  feet, 
shoaling  gradually,  at  the  rate  of  about  one  foot  per  mile,  from  the 
centre  to  the  coasts. 

Of  all  the  branches  of  the  Atlantic  that  enter  deeply  into  the 
centre  of  the  continent,  the  Mediterranean  is  the  largest  and  most 
important,  covering  with  its  dark-blue  waters  more  than  760,000 
square  miles.  Situate  in  a  comparatively  low  latitude,  exposed  to 
the  heat  of  the  African  deserts  on  the  S.,  and  sheltered  on  the  N. 
by  the  high  land  of  Southern  Europe,  the  evaporation  is  great ;  on 
that  account  the  water  of  the  Mediterranean  is  salter  than  that  of 
the  ocean,  and  for  the  same  reason  the  temperature  at  its  surface  is 
higher  than  that  of  the  Atlantic  in  the  same  latitude  ^ ;  it  does  not 
decrease  so  rapidly  downwards  as  in  tropical  seas,  and  it  becomes 
constant  at  depths  of  from  340  to  1000  fathoms,  according  to  the 
situations.'  Although  its  own  river  domain  is  only  250,000  square 
miles,  the  constant  current  that  sets  in  through  the  Dardanelles 
brings  a  great  part  of  the  drainage  of  the  Black  Sea,  so  tnat  it  is 


*  Mean  temperatnre  of  the  Mediterranean,  67^'3. 

„  „  „       Atlantic  in  same  lat.,  67°*  1. 

*  It  may  be  regarded  as  a  general  rule  that  the  temperature  of  all  inland 
■eas,  at  great  depths,  represents  nearly  the  mean  temperature  of  the  earth 
in  the  latitudes  where  they  are  situated ;  whilst,  in  the  ocean,  the  low  tem- 
perature at  the  bottom  in  erery  latitude  is  produced  by  the  cold  currents 
setting  eternally  from  the  polar  regions,  and  which  maintain  the  water 
at  an  almost  constant  temperature,  probably  30°  Fahrenheit,  but  not  yet 
accurately  ascertained. 
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really  fed  by  the  melted  snow  and  rivers  from  the  Caucasus,  the 
mountains  of  Asia  Minor  and  Abyssinia,  the  Atlas,  and  the  Alps. 
The  quantity  of  water  that  flows  into  the  Mediterranean  from  the 
Atlantic,  by  the  superficial  current  in  the  Strait  of  Gibraltar,  escapes 
by  evaporation. 

The  surface  of  the  Mediterranean  has  the  same  level  with  the 
Red  Sea,^  and  there  was  therefore  no  insuperable  difficulty  in 
cutting  a  ship  canal  from  Lake  Menzaleh  to  the  Red  Sea  at  Sues. 
In  making  his  survey  of  the  Mediterranean,  Captain  Spratt,  R.N., 
came  to  the  conclusion  that  no  permanent  port  could  be  formed  in 
the  bay  of  the  Mediterranean  into  which  the  canal  opens,  because 
it  is  80  continuously  and  regularly  silted  up  that  no  dredging  could 
contend  against  a  great  local  law  of  nature.  Besides,  the  blown  sand 
drifted  from  the  W.  would  constantly  be  filling  up  the  canal; 
and  the  incoherent  nature  of  the  ground  in  which  the  canal  is  cut, 
which  is  merely  ancient  drifted  sand,  would  not  sustain  a  steady 
body  of  water,  so  that  all  attempts  to  clear  out  its  unceasing  in- 
fillings  of  matter  would  be  impracticable.  Hence  it  remains  to 
be  seen  whether  this  important  enterprise  will  fail  on  account  of 
the  expense  of  maintaining  it.  At  present  (1869)  it  appears  to  be 
successful. 

The  Mediterranean  is  divided  into  two  basins  by  a  shallow 
plateau  that  runs  from  Cape  Bon  on  the  African  coast  to  the 
southern  and  western  coasts  of  Sicily,  the  depth  varying  ftx)m 
seven  to  240  fathoms.  On  each  side  of  this  ridge  the  water  is 
exceedingly  deep.  In  the  Strait  of  Gibraltar  the  greatest  depth 
does  not  exceed  450  fathoms ;  but  E.  of  this  the  depth  increases 
considerably  in  some  places — between  Algiers  and  loulon  to  1600 
fathoms.  The  soundings  lately  executed  for  laying  down  the  sub- 
marine telegraph  cable  between  Sardinia  and  the  coast  of  Africa 
have  given  still  greater  depths.  E.  of  the  meridian  of  Malta  com- 
mences the  second  deep  basin,  which  extends  uninterruptedly  to 
the  coast  of  Syria,  in  the  midst  of  which  rises  abruptly  the  island 
of  Candia.  From  the  soundings  executed  by  two  of  our  most  dis- 
tinguished naval  surveyors,  Captains  Maunsell  and  Spratt,  the 
greatest  depth  between  the  17th  and  19th  meridians  E.  of  Green- 
wich is  2170 ;  and  on  a  line  between  Alexandria  and  Rhodes,  1600 
fathoms.  At  Nice,  within  a  few  yards  of  the  shore,  it  is  nearly  700 
fathoms  deep.  1  his  sea  is  not  absolutely  without  tides ;  in  the 
Adriatic  they  rise  five  feet  in  the  port  of  Venice,  at  the  great  Syrtis 
five  feet  at  new  and  full  moon,  at  Naples  about  12  inches,  but  in 


^  The  surveys  executed  for  the  maritime  canal  between  the  Mediter- 
lanean  and  Suez  showed  that  the  difference  of  level  between  the  two  seas,  if 
any,  is  very  trifling. 
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most  other  places  they  are  scarcely  perceptible.  The  surface  is 
traversed  by  various  currents,  two  of  which,  opposing  one  another, 
occasion  the  celebrated  whirli)ool  of  Charybdis,  whose  terrors  were 
much  diminished  by  the  earthquake  of  1783.  Its  bed  is  subject  to 
violent  volcanic  paroxysms,  and  its  surface  is  studded  with  islands 
of  all  sizes,  from  the  ma<;i^nificent  kingdom  of  Sicily  to  mere  barren 
rocks — some  actively  volcanic,  others  of  volcanic  formation,  and 
many  of  the  secondary  geological  period. 

Various  parts  of  its  coasts  are  in  a  state  of  great  instability ;  in 
some  places  they  have  sunk  down  and  risen  again  more  than  once 
within  the  historical  period ;  but  these  are  produced  by  local  causes, 
and  are  not  general. 

In  the  Caribbean  Sea  and  the  Mexican  Gulf  the  temperature  is 
about  83^*5  of  Fahrenheit,  while  the  Atlantic  Ocean  in  the  same 
latitude  is  not  above  77®  or  79°.  Of  that  huge  mass  of  water, 
partially  separated  from  the  Atlantic  by  a  long  line  of  islands  and 
banks,  the  Caribbean  Sea  is  the  largest ;  it  is  as  long  from  E.  to 
W.  as  the  distance  between  Great  Britain  and  Newfoundland,  and 
occupies  a  million  of  square  miles.  Its  depth  in  many  places  is 
very  great,  and  its  water  is  limpid.  The  Gulf  of  Mexico,  fed  by 
the  Mississippi,  one  of  the  greatest  of  rivers,  is  more  than  half  its 
size,  or  about  800,000  square  miles,  so  that  the  whole  forms  a  sea 
of  great  magnitude.  Its  shores,  and  the  shores  of  the  numerous 
islands,  are  dangerous  from  shoals  and  coral-reefs,  but  the  interior 
of  these  seas  is  not.  The  trade-winds  prevail  there ;  they  are  sub- 
ject to  severe  northern  gales,  and  some  parts  are  occasionally  visited 
by  tremendous  hurricanes. 

The  accurate  surveys  imdertaken  for  the  railroad  across  the 
isthmus  have  shown  that  there  is  no  other  difference  of  level 
between  the  Atlantic  and  Pacific  than  that  depending  on  the  dif- 
ferent times  of  high  and  low  water,  produced  by  the  tides  on  the 
eastern  and  western  shores. 

As  the  Pacific  does  not  penetrate  the  land  in  the  same  manner 
that  the  Atlantic  does  the  continent  of  Europe,  there  are  fewer  great 
gulfs,  or  internal  seas.  Of  the  latter,  the  Sea  of  Okhotsk  is  the 
most  extensive. 

The  Red  Sea  and  the  Persian  Gulf  are  joined  to  the  Indian  Ocean 
by  very  narrow  straits.  The  physical  geography  of  the  Red  Sea  is 
better  known,  and  is  of  more  importance  since  it  has  become  the 
most  direct  highway  to  our  eastern  possessions.  Separating  Africa 
from  Arabia,  it  extends  in  a  north-easterly  direction  for  1230  miles 
from  the  Strait  of  Rab-el-Mandeb  to  the  Isthmus  of  Suez.  Its 
greatest  breadth  is  192  miles,  but  it  is  only  72  miles  across  where 
the  peninsula  of  Sinai  causes  it  to  bifurcate  into  two  elongated 
gulfs.    The  Gulf  of  Suez  is  167  miles  long,  its  greatest  breadth 
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is  30,  but  at  its  mouth  it  is  only  17  from  shore  to  shore.  On 
an  average  it  is  only  22  fathoms  deep,  but  in  some  places  it  is 
as  much  as  50  fathoms. 

The  Gulf  of  Akaba  is  not  so  large,  being  100  miles  long  and  16 
across.  It  is  much  deeper,  no  bottom  having  been  found  with  a 
line  of  200  fathoms  in  some  places ;  its  general  depth  is  120. 

The  greatest  ascertained  depth  of  the  Red  Sea  is  400  fathoms 
without  bottom,  in  lat.  25°  20'  N.,  but  there  seems  to  be  a  sub- 
marine gulf  from  5  to  10  miles  wide,  with  abrupt  and  precipitous 
sides,  which  runs  down  the  centre  of  the  sea,  in  which  the  water  is 
firom  150  to  250  fathoms  deep.  A  reef  runs  across  the  sea  from 
Mocho  in  13°  30*  N.  lat.  to  the  African  coast,  over  which  the 
depth  varies  from  25  to  30  fathoms,  but  in  mid-channel  it  reaches 
40. 

The  Strait  of  Bab-el-Mandeb  is  divided  by  the  island  of  Perim, 
which  has  an  excellent  roadstead,  where  a  fleet  might  lie  in  safety 
under  shelter  of  volcanic  cliffs.  The  wider  channel  is  13  miles 
across,  with  a  depth  of  100  fathoms  in  the  middle.  The  ships  from 
Aden  prefer  the  lesser,  which  is  only  a  mile  and  three  quarters 
broad,  but  in  mid-channel  there  are  30  fathoms  water  with  a  sandy 
bottom  up  to  both  shores,  so  it  may  be  passed  at  all  times  of  the 
tide.  The  Gulf  of  Aden  is  a  funnel-shaped  estuary  900  miles  long 
and  nearly  200  across  from  the  N.W.  point  of  Africa  to  the  Arabian 
shore ;  the  central  channel  deep,  shoaling  to  the  shores,  along  which 
the  water  is  shallow. 

In  the  Red  Sea  almost  no  rain  falls,  no  fresh  water  enters  it ; 
hence,  by  excessive  evaporation  in  that  dry  region  and  low  latitude, 
it  would  by  this  time  have  been  evaporated  and  converted  into  one 
mass  of  solid  salt,  were  it  not  that  as  fast  as  salt-water  is  brought 
in  from  the  ocean  by  the  upper  currents  it  is  carried  out  again  by 
those  beneath.  Dr.  Buist  has  computed  that  165  cubic  miles  of 
water  are  annually  dissipated  in  vapour  from  the  Red  Sea,  all  of 
which  is  replaced  by  surface  currents  from  the  ocean,  while  the 
brine  resulting  from  this  excessive  evaporation,  by  its  specific  gravity, 
sinks  to  the  bottom  and  flows  out  as  an  under-current ;  this  exchange 
is  so  constant  and  so  great  that  Dr.  Buist  thinks  it  more  than 
probable  that  the  Red  Sea  changes  the  entire  amount  of  its  waters 
at  least  once  a  year. 

It  is  an  invariable  law  when  seas  of  different  densities  are  con- 
nected that  an  exchange  of  water  must  take  place,  a  salt  and  dense 
under-current,  and  a  less  salt  and  consequently  lighter  surface  cur- 
rent, flowing  in  an  opposite  direction. 

llie  summer  monsoon  is  S.E.  in  the  region  of  the  Red  Sea,  thus 
blowing  down  its  axis  for  four  months,  while  during  the  rest  of  the 
year  the  wind  is  from  the  N.W.    The  water  of  this  sea  is  extremely 
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pore  and  transparent,  of  an  intense  blue,  changing  to  greenish-blue, 
bluish-green,  and  green,  according  as  the  coral,  which  is  mostly 
white,  lies  near  the  surface. 

The  Red  Sea  and  Arabian  Gulf  are  covered  with  large  patches, 
yarying  in  size  from  a  few  yards  to  some  square  miles,  of  an  in- 
tensely blood-red  colour,  derived  from  animalcula,  which  are  par- 
ticularly abundant  in  spring.^ 

Almost  all  the  internal  seas  on  the  eastern  coasts  of  Asia,  except 
the  Yellow  Sea,  are  great  gulfs  shut  in  by  islands,  like  the  Carib- 
bean Sea  and  the  Gulf  of  Mexico,  such  as  the  China  Sea,  the  seas 
of  Japan  and  of  Okhotsk. 

The  set  of  the  great  oceanic  currents  has  scooped  out  and  indented 
the  southern  and  eastern  coasts  of  the  Asiatic  continent  into  enor- 
mous bays  and  gulfs,  and  has  separated  large  portions  of  the  land, 
which  now  remain  as  islands — a  process  which  probably  has  been 
increased  by  the  submarine  fires  extending  along  the  eastern  coast 
from  the  equator  nearly  to  the  Arctic  Circle. 

The  perpetual  agitation  of  the  ocean  by  winds,  tides,  and  cur^ 
rents  is  continually,  but  slowly,  changing  the  form  and  position  of 
the  land — steadily  producing  these  vicissitudes  on  the  surface  of  the 
earth  to  which  it  has  always  been  subject,  and  to  which  it  will 
assuredly  be  liable  in  all  succeeding  ages. 


'  Dr.  Buist,  of  Bombay,  on  the  Physical  Geography  of  the  Red  Sea,  in 
Jonmal  of  Geographical  Society  of  London. 
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RTYBRS, 

{  1.  Origin  of  springs;  variations  in  their  temperature.  §  2.  Rise  of 
rivers;  their  coorses  and  velocity;  tides  and  floods.  §  3.  Hydraulic 
systems  of  Europe;  the  Volga  and  Danube;  the  Rhine,  Meuse,  and 
l^cheldt;  the  Spanish  river  system ;  British  rivers.  §  4.  African  rivers; 
Dr.  Livingstone's  explorations  on  the  Zambezi ;  the  Nile  and  the  Niger, 
&c. 

5  1.  The  invisible  vapour  which  rises  from  the  land  and  water 
ascends  in  the  atmosphere  till  it  is  condensed  by  the  cold  into  clouds, 
which  restore  it  again  to  the  earth  in  the  form  of  rain,  hail,  and 
snow ;  hence  there  is  probably  not  a  drop  of  water  on  the  earth's 
surface  that  has  not  been  borne  on  the  wings  of  the  wind.  Part  of 
this  moisture  restored  to  the  earth  is  reabsorbed  by  the  air,  part 
supplies  the  wants  of  animal  and  vegetable  life,  a  portion  is  carried 
off  by  the  streams,  and  the  remaining  part  penetrates  through 
porous  soils  till  it  arrives  at  a  stratum  impervious  to  water,  where 
it  accumulates  in  subterranean  lakes  often  of  great  extent.  The 
mountains  receive  the  greatest  portion  of  the  aerial  moisture,  and, 
from  the  many  alternations  of  permeable  and  impermeable  strata 
they  contain,  a  complete  system  of  reservoirs  is  formed  in  them, 
which,  continually  overflowing,  form  perennial  springs  at  different 
elevations,  which  uniting  and  running  down  their  sides  form  the 
sources  of  rivers.  A  great  portion  of  the  water  at  these  high  levels 
penetrates  the  earth  till  it  comes  to  an  impermeable  stratum  below 
the  plains,  where  it  collects  in  sheets,  or  nappes,  and  is  forced  by 
hydraulic  pressure  to  rise  in  springs,  through  openings  in  the 
ground,  to  the  surface.  In  this  manner  the  water  which  falls  on 
hills  and  mountains  is  carried  through  highly  inclined  strata  to 
great  depths,  and  even  below  the  bed  of  the  ocean,  in  many  parts 
of  which  there  exist,  from  this  cause,  springs  of  fresh  water.  In 
boring  Artesian  wells  the  water  often  rushes  up  with  such  im- 
petuosity by  the  hydrostatic  pressure  as  to  form  jets  40  or  50  feet 
high.  In  this  operation  several  successive  reservoirs  have  been  met 
with :  at  St.  Ouen,  near  Paris,  five  sheets  of  water  were  found ;  that 
in  the  first  four  not  being  good,  the  operation  was  continued  to  a 
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greater  depth ;  it  oonBists  merely  in  boring  a  hole  of  small  diameter, 
and  lining  it  with  a  metallic  tube.  It  rarely  happens  that  water 
may  not  be  procured  in  this  way ;  and  as  the  substratum  in  many 
parts  of  deserts  is  an  argillaceous  marl,  it  is  probable  that  Artesian 
wells  might  be  bored  with  success  in  the  most  arid  regions.  This 
has  of  late  years  been  verified  to  great  advantage  in  Algeria,  where 
Artesian  wells  have  brought  fertility  to  districts  hitherto  arid  and 
uncultivated. 

A  spring  will  be  intermittent  when  it  issues  from  an  opening  in 
the  side  of  a  reservoir  fed  from  above,  if  the  supply  be  not  equal  to 
the  waste,  for  the  water  will  sink  below  the  opening,  and  the  spring 
will  stop  till  the  reservoir  is  replenished.  Few  springs  give  the 
same  quantity  of  water  at  all  times,  those  near  the  surface  depend- 
ing for  their  supply  on  the  water  that  percolates  the  surface ;  they 
also  vary  much  in  the  quantity  of  foreign  matter  they  contain. 
Mountain-springs  are  generally  very  pure ;  the  carbonic  acid  gas 
almost  always  found  in  them  escapes  into  the  atmosphere,  and  their 
earthy  matter  is  deposited  as  they  run  along ;  so  that  river-water 
from  such  sources  is  soft,  while  wells  and  springs  in  the  plains  are 
hard,  and  more  or  less  mineral. 

Springs  acquire  their  temperature  from  that  of  the  strata  through 
which  they  pass ;  mountain-springs  are  cold,  but,  if  the  water  has 
penetrated  deep  into  the  earth,  it  acquires  a  temperature  depending 
on  that  circumstance. 

The  temperature  of  the  surface  of  the  earth  varies  with  the  seasons 
to  a  certain  depth,  where  it  becomes  permanent  and  for  the  most  part 
equal  to  the  mean  annual  temperature  of  the  air  above.  It  is  evident 
that  the  depth  at  which  this  stratum  of  invariable  temperature  lies 
must  vary  with  the  latitude.  At  the  equator  the  effect  of  the 
seasons  is  imperceptible  at  the  depth  of  a  foot  below  the  surface : 
between  the  parallels  of  40°  and  52°  the  temperature  of  the  ground 
in  Europe  is  constant  at  the  depth  of  from  55  to  60  feet :  and  in 
the  high  Arctic  regions  the  soil  is  perpetually  frozen  a  foot  below 
the  surface.  Now,  in  every  part  of  the  world  where  experiments 
have  been  made,  the  temperature  of  the  earth  increases  with  the 
depth  below  the  constant  stratum  at  the  rate  of  1°  of  Fahrenheit 
for  every  50  or  60  feet  of  perpendicular  depth ;  hence,  should  the 
increase  continue  to  follow  the  same  ratio,  even  granite  must  be  in 
fusion  at  little  more  than  five  miles  below  the  surface.  In  Siberia 
the  stratum  of  frozen  earth  is  some  hundred  feet  thick,  but  below 
that  the  increase  of  heat  with  the  depth  is  three  times  as  rapid  as 
in  Europe.  The  temperature  of  springs  must  therefore  depend  on 
the  depth  to  which  the  water  has  penetrated  before  it  has  been 
forced  to  the  surface,  either  by  the  hydrostatic  pressure  of  water  at 
higher  levels  or  by  steam.     If  it  never  descends  below  the  stratum 
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of  invariable  temperature,  the  heat  of  the  source  will  vary  with  the 
seasons,  more  or  less,  according  to  the  depth  below  the  surfiace; 
should  the  water  come  from  the  constant  stratum  itself,  its  tempe- 
rature will  be  invariable ;  and  if  from  below  it,  the  heat  will  be  in- 
creased in  proportion  to  the  depth  to  which  it  has  penetrated. 
Thus,  there  may  be  hot  and  even  boiling  springs  hundreds  of  miles 
distant  ^m  volcanic  action  and  volcanic  strata,  of  which  there 
are  many  examples,  though  they  are  more  frequent  in  volcanio 
countries  and  those  subject  to  earthquakes.  The  temperature  of 
hot  springs  is  very  constant,  and  that  of  boiling  springs  has  i^ 
mained  unchanged  for  ages :  shocks  of  earthquakes  sometimes 
affect  their  temperature,  and  have  even  stopped  them  altogether. 
Jets  of  steam  of  high  tension  are  frequent  in  volcanic  countries,  as 
in  Iceland. 

Water  both  hot  and  cold  dissolves  and  combines  with  many  of 
the  mineral  substances  it  meets  with  in  the  earth,  and  comes  to  the 
surface  from  great  depths  as  medicinal  springs,  containing  variooa 
chemical  ingredients.  So  numerous  are  they  that  in  the  Austrian 
dominions  alone  there  are  1500 ;  and  few  countries  of  any  extent 
are  destitute  of  them.  They  contain  hydro-sulphuric  and  carbonic 
acids,  sulphur,  iron,  magnesia,  and  other  substances.  Boiling  springs 
deposit  silex,  as  in  Iceland  and  in  the  Azores ;  and  others  of  lower 
temperature  deposit  carbonate  of  lime  in  great  quantities  all  over 
the  world.  Springs  of  pure  brine  are  rare ;  those  in  Cheshire  are 
rich  in  salt,  and  have  flowed  unchanged  1000  years,  a  proof  of  the 
tranquil  state  of  that  part  of  the  globe.  Many  substances  that  lie 
beyond  our  reach  are  brought  to  the  surface  by  springs,  such  as 
naphtha,  petroleum,  and  boracic  acid;  petroleum  is  abundant  in 
Persia :  numberless  springs  and  lakes  of  it  surroimd  some  parts  of 
the  Caspian  Sea,  and  the  oil-springs  of  Pennsylvania  yield  more 
than  1,000,000  barrels  of  crude  oil  per  annum.  Boracic  acid, 
originally  a  gaseous  emanation,  is  almost  peculiar  to  Tuscany ;  it 
is  found  also  in  the  Western  Himalaya,  and  in  combination  with 
•oda  in  some  parts  of  Tibet. 

BIYEBS. 

§  2.  Rivers  have  had  a  greater  influence  on  the  location  and 
fortunes  of  the  human  race  than  almost  any  other  physical  cause, 
and,  since  their  velocity  has  been  overcome  by  steam-navigation, 
they  have  become  the  highway  of  nations. 

They  frequently  rise  in  lakes,  which  they  unite  with  the  sea ; 
in  other  instances  they  spring  from  small  elevations  in  the  plains, 
fix>m  perennial  sources  in  the  mountains,  alpine  lakes,  melted  snow 
and  glaciers ;  but  the  everlasting  storehouses  of  the  mightiest  floods 
are  the  ice-clad  mountains  of  table-lands. 
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Riyers  are  constantly  increased,  in  descending  the  mountains  and 
traversing  the  plains,  by  tributaries,  till  at  last  they  flow  into  the 
ocean,  their  ultimate  destination  and  remote  origin.  **A11  rivers 
run  into  the  sea,  yet  the  sea  is  not  full,"  because  it  gives  in  evapo* 
ration  an  equivalent  for  what  it  receives. 

The  Atlantic,  the  Arctic,  and  the  Pacific  Oceans  are  directly  or 
indirectly  the  recipients  of  all  the  rivers ;  therefore  their  basina 
are  bounded  by  the  principal  watersheds  of  the  continents ;  for  the 
basin  of  a  sea  or  ocean  does  not  mean  only  the  bed  actually  occupied 
by  the  water,  but  comprehends  also  all  the  land  drained. by  the 
rivers  which  fall  into  it,  and  is  bounded  by  an  imaginary  line 
passing  through  all  their  sources.  These  lines  generally  run  through 
the  elevated  parts  of  a  country  that  divide  the  streams  which  flow 
in  one  direction  from  those  that  flow  in  another.  But  the  water- 
shed does  not  coincide  in  all  cases  with  mountain-crests  of  great 
elevation,  as  the  mere  convexity  of  a  plain  is  often  sufficient  to 
throw  the  streams  into  difl'erent  directions. 

From  the  peculiar  structure  of  the  highlands  and  mountain- 
chains,  by  far  the  greater  number  of  important  rivers  on  the  globe 
flow  into  the  ocean  in  an  easterly  direction,  those  which  flow  to  the 
S.  and  N.  being  the  next  in  size,  while  those  that  flow  in  a  westerly 
direction  are  comparatively  small  and  unimportant. 

The  course  of  all  rivers  is  changed  when  they  pass  from  one 
geological  formation  to  another,  or  by  dislocations  of  the  strata : 
the  sudden  deviations  in  their  directions  are  generally  owing  to  the 
latter  circumstance. 

None  of  the  European  rivers  flowing  directly  into  the  Atlantic 
exceed  the  fourth  or  fifth  magnitude,  except  the  Rhine ;  the  rest  of 
the  principal  streams  reach  it  indirectly  through  the  Baltic,  the 
Black  Sea,  and  the  Mediterranean.  It  nevertheless  receives  nearly 
half  the  waters  of  the  old  continent,  and  almost  all  of  the  new, 
because  the  Andes  and  Rocky  Mountains,  which  form  the  water- 
shed of  the  American  continent,  lie  along  its  western  side,  and  the 
rivers  which  rise  on  their  western  slopes  flow  to  the  E.,  whilst  those 
of  the  Alleghanies  are  tributaries  to  the  Mississippi,  which  comet 
indirectly  into  the  Atlantic  by  the  Gulf  of  Mexico. 

The  Arctic  Ocean  drains  the  high  northern  latitudes  of  America, 
and  receives  those  great  Siberian  rivers  that  originate  in  the 
Altai  range  from  the  Steppe  of  the  Kirghiz  to  the  extremity  of 
Kamtchatka,  as  well  as  the  very  inferior  streams  of  North  European 
Russia.  I'he  running  waters  of  the  rest  of  the  world  flow  into 
the  Pacific.  The  Caspian  and  Lake  Aral  are  mere  salt-water  lakes, 
which  receive  rivers,  but  emit  none.  However,  nearly  one-half  of 
all  the  running  water  in  Europe  falls  into  the  Black  Sea  and  the 
Caspian. 
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Mountain  torrents  gradnally  lose  velocity  in  their  descent  to  the 
low  lands  by  friction,  and  when  they  enter  the  plains  their  coarse 
becomes  still  more  gentle  and  their  depth  greater.  A  slope  of  cme 
foot  in  200  prevents  a  river  from  being  navigable,  and  a  greater  in- 
clination forms  a  rapid  or  cataract.  The  speed,  however,  does  not 
depend  entirely  upon  the  slope,  but  also  upon  the  height  of  the 
source  of  the  river,  and  the  pressure  of  the  body  of  water  in  the 
upper  part  of  its  course;  consequently,  under  the  same  circum- 
stances, large  rivers  run  faster  than  small,  but  in  each  individual 
stream,  the  velocity  is  perpetually  varying  with  the  form  of  the 
banks,  the  winding  of  the  course,  and  the  changes  in  the  width  of 
the  channel.  The  Rhone,  one  of  the  most  rapid  European  rivers, 
has  a  declivity  of  one  foot  in  2624,  and  flows  at  the  rate  of  120  feet 
in  a  minute ;  the  sluggish  rivers  in  Flanders  have  only  one-half  that 
velocity.  Tht  Danube,  the  Tigris,  and  the  Indus  are  among  the 
most  rapid  of  the  large  rivers.  In  flat  countries  rivers  are  generally 
more  meandering,  and  thus  they  afford  a  greater  amount  of  irriga- 
tion ;  the  windings  of  the  Vistula  are  nearly  equal  to  nine-tenths  of 
its  direct  course  from  its  source  to  its  mouth. 

When  one  river  falls  into  another,  the  depth  and  velocity  are  in* 
creased,  but  not  always  proportionally  to  the  width  of  the  channel, 
which  sometimes  even  becomes  less,  as  at  the  junction  of  the  Ohio 
with  the  Mississippi.  When  the  angle  of  jimction  is  very  obtuse, 
and  the  velocity  of  the  tributary  stream  great,  it  sometimes  forces 
the  water  of  its  primary  to  recede  a  short  distance.  The  Arve, 
swollen  by  a  freshet,  occasionally  drives  the  water  of  the  Rhone 
back  into  the  Lake  of  Geneva ;  and  it  once  happened  that  the  force 
was  so  great  as  to  make  the  mill-wheels  revolve  in  a  contrary 
direction. 

Streams  sometimes  suddenly  disappear,  and  after  flowing  under- 
ground to  some  distance  reappear  at  the  surface,  as  in  Derbyshire. 
Instances  have  occurred  of  rivers  suddenly  stopping  in  their  course 
for  some  hours,  and  leaving  their  channels  dry.  On  the  26th  of 
November,  1838,  the  water  failed  so  completely  in  the  Clyde,  Nith, 
and  Teviot,  that  the  mills  were  stopped  eight  hours  in  the  lower 
part  of  their  streams.  The  cause  was  the  coincidence  of  a  gale  of 
wind  and  a  strong  frost,  which  congealed  the  water  near  their  sources. 
Exactly  the  contrary  happens  in  the  Siberian  rivers  which  flow  from 
S.  to  N.  over  so  many  hundreds  of  miles;  the  upper  parts  are 
thawed,  while  the  lower  are  still  frozen,  and  the  water,  not  finding 
an  outlet,  inundates  the  country. 

The  alluvial  soil  carried  down  by  streams  is  gradually  deposited 
as  their  velocity  diminishes ;  and  if  they  are  subject  to  inundations, 
and  the  coast  flat,  it  forms  deltas  at  their  mouths ;  there  they  gene- 
rally divide  into  branches,  which  often  join  again,  or  are  united  by 
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transverse  channels,  so  that  a  labyrinth  of  streams  and  islands  is 
formed.  Deltas  are  sometimes  found  in  the  interior  of  the  continents 
at  the  junction  of  rivers,  exactly  similar  to  those  in  the  ocean, 
though  less  extensive :  deltas  are  said  to  be  maritime,  lacustrine,  or 
fluviatile,  according  as  the  stream  that  forms  them  falls  into  the  sea, 
a  lake,  or  another  river. 

Tides  flow  up  some  rivers  to  a  great  distance,  and  to  a  height 
above  that  of  their  level  in  the  sea :  the  tide  is  perceptible  in  the 
river  Amazon  576  miles  from  its  mouth,  and  it  ascends  255  miles 
in  the  Orinoco. 

In  the  temperate  zones  rivers  are  subject  to  floods  from  autumnal 
rains,  and  the  melting  of  the  snow,  especially  on  mountain-ranges. 
The  Po,  for  example,  spreads  desolation  far  and  wide  over  the  plains 
of  Lombardy ;  but  these  torrents  are  as  variable  in  their  recurrence 
and  extent  as  the  climate  which  produces  them.  The  inundations 
of  the  rivers  in  the  torrid  zone,  on  the  contrary,  occur  with  a  regu- 
larity peculiar  to  a  region  in  which  meteoric  phenomena  are  uniform 
in  all  their  changes.  These  floods  are  due  to  the  periodical  rains, 
which,  in  tropical  countries,  follow  the  cessation  of  the  trade-winds 
after  the  vernal  equinox  and  at  the  turn  of  the  monsoons,  and  are 
thus  dependent  on  the  declination  of  the  sun,  the  immediate  cause 
of  all  these  variations.  The  melting  of  the  snow  no  doubt  adds 
greatly  to  the  floods  of  the  tropical  rivers  which  rise  in  high  moun- 
tain-chains, but  it  is  only  an  accessory  circumstance ;  for  although 
the  snow-water  from  the  Himalaya  swells  the  streams  considerably 
before  the  rains  begin,  yet  the  principal  eff'ect  is  owing  to  the 
latter,  as  the  southern  face  of  the  Himalaya  is  not  beyond  the  in- 
fluence of  the  monsoon,  and  the  consequent  periodical  rains,  which 
besides  prevail  all  over  the  plains  of  India  traversed  by  the  great 
rivers  and  their  tributaries. 

Under  like  circumstances,  the  floods  of  rivers  whose  sources  are  in 
the  same  latitude  take  place  at  the  same  season ;  but  the  periods  of 
the  inundations  of  rivers  on  one  side  of  the  equator  are  exactly  the 
contrary  of  what  they  are  in  rivers  on  the  other  side  of  it,  on 
account  of  tlie  declination  of  the  sun.  The  flood  in  the  Orinoco  is 
at  its  greatest  height  in  the  month  of  August,  while  that  of  the 
river  Amazon,  S.  of  the  equinoctial  line,  is  at  its  greatest  elevation 
in  May.  The  commencement  and  end  of  the  annual  inundations  in 
each  river  depend  upon  the  average  time  of  the  beginning,  and  on 
the  duration  of  the  rains  in  the  latitudes  traversed  by  its  affluents. 
The  periods  of  the  floods  in  such  rivers  as  run  towards  the  equator 
are  diff'erent  from  those  flowing  in  an  opposite  direction ;  and  as  the 
rise  requires  time  to  travel,  it  happens  at  regular  but  different 
periods  in  various  parts  of  the  same  river,  if  very  long.  The  height 
to  which  the  water  rises  in  the  annual  floods  depends  upon  the 
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nature  of  the  country,  but  it  is  wonderfully  constant  in  each 
individual  river  where  the  course  is  long;  for  the  inequality  in  the 
quantity  of  rain  in  a  district  drained  by  any  of  its  affluents  is  im- 
l)erceptible  in  the  general  flood,  and  thus  the  quantity  of  water 
carried  down  is  a  measure  of  the  mean  humidity  of  the  whole 
country  comprised  in  its  basin  from  year  to  year.  By  the  admirable 
arrangement  of  these  periodical  inundations,  the  fresh  soil  of  the 
mountains,  borne  down  by  the  water,  enriches  countries  far  remote 
from  their  source.  The  waters  from  the  high  lands  on  the  northern 
bonier  of  the  great  plateau,  and  of  Abyssinia,  have  fertilized  the 
l)anks  of  the  Nile  through  a  distance  of  2500  miles  for  thousands 
of  years. 

When  rivers  rise  in  mountains,  water-communication  between 
them  in  the  upper  parts  of  their  course  is  impossible ;  but  when 
they  descend  to  the  plains,  or  rise  in  the  low  lands,  the  boundaries 
between  the  countries  drained  by  them  become  low,  and  the  different 
systems  may  be  united  by  canals.  It  sometimes  happens  in  exten- 
sive and  very  level  plains  that  the  tributaries  of  the  principal 
streams  either  unite  or  are  connected  by  a  natural  canal  by  which 
a  communication  is  formed  between  the  two  basins — a  circumstance 
advantageous  to  the  navigation  and  commerce  of  both,  especially 
where  the  junction  takes  place  far  inland,  as  between  the  Orinoco 
and  Amazon  in  the  interior  of  South  America.  The  Rio  Negro, 
one  of  the  largest  affluents  of  the  latter,  is  united  to  the  Upper 
Orinoco  in  the  plains  of  Esmeralda  by  the  Cassiquiare — a  stream  as 
large  as  the  Rhine,  with  a  velocity  of  12  feet  in  a  second.  Baron 
Humboldt  observes  that  the  Orinoco,  sending  a  branch  to  the 
Amazon,  is,  with  regard  to  distance,  as  if  the  Rhine  should  send 
one  to  the  Seine  or  Loire.  At  some  future  period  this  junction  will 
be  of  great  importance.  These  bifurcations  are  frequent  in  the 
deltas  of  rivers,  but  very  rare  in  the  interior  of  continents. 

§  3.  The  hydraulic  system  of  Europe  is  eminently  favourable  to 
inland  navigation,  small  as  the  rivers  are  in  comparison  with  those 
of  other  parts  of  the  world  ;  but  the  flatness  of  the  great  plain,  and 
the  lowness  of  its  watershed,  are  very  favourable  to  the  construction 
of  canals.  In  the  west,  however,  the  Aljw  and  German  mountains 
divide  the  waters  that  flow  to  the  Atlantic  on  one  side,  and  to  the 
Mediterranean  and  Black  Sea  on  the  other;  but  in  the  eastern 
parts  of  Europe  the  division  of  the  waters  is  merely  a  more  elevated 
ridge  of  the  plain  itself,  for  in  all  plains  such  undulatious  exist, 
though  often  imperceptible  to  the  eye.  This  watershed  begins  on 
the  northern  declivity  of  the  Carpathian  Mountains  about  the  23rd 
meridian,  in  a  low  range  of  hills  running  between  the  sources  of  the 
Dnieper  and  the  tributaries  of  the  Vistula,  from  whence  it  winds  in 
a  tortuous  course  along  the  plain  to  the  Valdai  table-land,  which  is 
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its  highest  point,  1200  feet  above  the  sea ;  it  then  declines  north- 
ward towards  Onega,  about  the  60th  parallel,  and  lastly  turns  in  a 
very  serpentine  line  to  the  sources  of  the  Kama  in  the  Ural  moun* 
tains  near  the  62nd  degree  of  N.  latitude.  The  waters  N.  of  this 
line  run  into  the  Baltic  and  White  Sea,  and,  on  the  S.  of  it,  into  the 
Black  Sea  and  the  Caspian. 

Thus  Europe  is  divided  into  two  principal  hydraulic  systems; 
but  since  the  basin  of  a  river  comprehends  all  the  plains  and  valleys 
drained  by  it  and  its  tributaries  from  its  source  to  the  sea,  each 
country  is  subdivided  into  as  many  natural  divisions  or  basins  as  it 
has  primary  rivers,  and  these  generally  comprise  all  the  rich  and 
habitable  parts  of  the  earth,  and  are  the  principal  centres  of  civili- 
zation, or  are  capable  of  becoming  so. 

The  streams  to  the  N.  of  the  general  watershed  are  very  nume- 
rous ;  those  to  the  S.  are  of  greater  magnitude.  The  systems  of  the 
Volga  and  Danube  are  the  most  extensive  in  Europe ;  the  former 
has  a  basin  comprising  397,460  square  miles,  and  is  navigable 
throughout  the  greater  part  of  its  course.  It  rises  in  a  small  lake 
on  the  slopes  of  the  Valdai  table-land,  550  feet  above  the  level  of 
the  ocean,  and  falls  into  the  Caspian,  which  is  83  feet  7  inches 
below  the  level  of  the  Black  Sea,  so  that  it  has  a  fall  of  633  feet  in 
a  course  of  more  than  2400  miles.  It  carries  to  the  Caspian  one- 
seventh  of  all  the  river- water  of  Europe. 

The  Danube  drains  234,080  square  miles,  and  receives  60  navi- 
gable tributaries.  Its  quantity  of  water  is  nearly  as  great  as  that 
of  all  the  rivers  that  empty  themselves  into  the  Black  Sea  taken 
together.  Its  direct  course  is  880  miles,  its  meandering  line  is 
1496.*  It  rises  in  the  Black  Forest  at  an  elevation  of  2850  feet 
above  the  level  of  the  sea,  so  that  it  has  considerable  velocity, 
which,  as  well  as  rocks  and  rapids,  impedes  its  navigation  in  many 
places,  but  it  is  navigable  downwards,  through  Austria,  for  600 
miles,  to  New  Orsova,  from  whence  it  flows  in  a  gentle  current  to 
the  Black  Sea.  The  commercial  importance  of  these  two  rivers  is 
much  increased  by  their  flowing  into  inland  seas.  By  canals  be- 
tween the  Volga  and  the  rivers  N.  of  the  watershed,  the  Baltic  and 
White  Seas  are  connected  with  the  Black  Sea  and  the  Caspian ;  and 
the  Baltic  and  Black  Sea  are  also  connected  by  a  canal  between 
the  Don  and  the  Dnieper.  Altogether,  the  water-system  of  Russia 
is  the  most  extensive  in  Europe. 

The  whole  of  Holland  is  a  collection  of  deltoid  islands,  formed  by 
the  Rhine,  the  Meuse,  and  the  Scheldt — a  structure  very  favourable 
to  commerce,  and  which  has  facilitated  an  extensive  internal  navi- 
gation.    The  Mediterranean  is  already  connected  with  the  North 


*  Mr.  Keith  Johnston's  Phys.  Atlas. 
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Sea  by  the  canal  which  runs  from  the  Rhone  to  the  Rhine ;  and 
this  noble  system,  extended  over  the  whole  of  France  by  7591  miles 
of  inland  navigation,  has  conduced  much  to  the  prosperous  state  of 
that  great  country. 

Many  navigable  streams  rise  in  the  Spanish  mountains ;  of  these 
the'Tagus  has  depth  enough  for  the  largest  ships  as  high  as  Lisbon. 
Its  actual  course  is  480  miles,  but  its  direct  one  much  less.  In 
point  of  magnitude,  however,  the  Spanish  rivers  are  of  inferior  order, 
but  canals  have  rendered  them  beneficial  to  the  country.  Italy  is 
less  favoured  in  her  rivers,  which  only  admit  vessels  of  small 
burthen ;  those  on  the  N.  are  by  much  the  most  important,  espe- 
cially the  Po  and  its  tributaries,  which  by  canals  connect  Venice 
and  Milan  with  various  fertile  provinces  of  Northern  Italy;  but 
whatever  advantages  nature  has  afforded  to  the  Italian  states  have 
been  improved  by  able  engineers,  both  in  ancient  and  modem  times. 

I'he  application  of  the  science  of  hydraulics  to  rivers  took  its  rise 
in  Northern  Italy,  where  it  has  been  carried  to  such  perfection  in 
some  points  that  China  is  the  only  country  which  can  vie  with  it 
in  the  practice  of  irrigation.  The  lock  on  canals  was  in  use  in 
Lombardy  as  early  as  the  13th  century,  and  in  the  end  of  the  15th 
it  was  applied  to  two  canals  which  unite  the  Ticino  and  the  Adda, 
by  that  great  artist  and  philosopher  Leonardo  da  Vinci ;  about  the 
same  time  he  introduced  the  use  of  the  lock  into  France.^ 

Various  circumstances  combine  to  make  the  British  rivers  more 
useful  than  many  others  of  greater  magnitude.  The  larger  streams 
are  not  encumbered  with  rocks  or  rapids ;  they  all  run  into  branches 
of  the  Atlantic ;  the  tides  flow  up  their  channels  to  a  considerable 
distance ;  and  above  all,  though  short  in  their  course,  they  end  in 
wide  estuaries  and  sounds,  capable  of  containing  whole  navies — a 
circumstance  that  gives  an  importance  to  streams  otherwise  insigni- 
ficant when  compared  with  the  great  rivers  of  either  the  old  or  new 
continent. 

The  Thames,  whose  basin  is  only  5027  square  miles,  and  whose 
length  is  but  240,  of  which,  however,  204  are  navigable,  spreads 
its  influence  over  the  remotest  parts  of  the  earth ;  its  depth  is  suffi- 
cient to  admit  large  vessels  even  up  to  London,  and  throughout  its 
navigable  course  a  continued  forest  of  masts  displays  the  flags  of 
every  nation :  on  its  banks,  which  are  in  a  highly  cultivated  state. 


*  I^onardo  da  Yinci  was  appointed  Director  of  Hydraulic  Operations  in 
Lombardy  by  the  Dake  of  Milan,  and  daring  the  time  he  was  painting  the 
**  Last  Sapper  **  he  completed  the  Martesana  Canal,  extending  from  the 
Adda  to  Milan,  and  improved  the  coarse  of  the  latter  river  from  where  it 
emerges  from  the  Lake  of  Como  to  the  Po.  By  means  of  the  Naviglio 
Grande,  the  Martesana  Canal  establishes  a  water-communication  between 
the  Adda  and  the  Ticino,  the  Lakes  of  Como  and  Maggiore. 
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is  the  seat  of  the  highest  civilization,  moral  and  political.  Local 
circumstances  have  undoubtedly  been  favourable  to  this  superior 
development,  but  the  earnest  and  energetic  temperament  of  the 
Saxon  races  has  rendered  these  natural  advantages  of  position 
much  more  available.  The  same  may  be  said  of  other  rivers  in  the 
British  islands,  where  commercial  enterprise  and  activity  vie  with 
those  on  the  Thames.  There  are  2790  miles  of  navigable  canals  in 
Britain,  and,  including  rivers,  5430  miles  of  inland  navigation, 
which,  in  comparison  with  the  area  of  the  country,  is  very  great ;  it 
is  even  said  that  no  part  of  England  is  more  than  15  miles  distant 
from  water-communication. 

On  the  whole,  Europe  is  fortunate  with  regard  to  its  water-sys- 
tems, Mid  its  inhabitants  are  for  the  most  part  alive  to  the  bounties 
which  Providence  in  this  respect  has  bestowed  upon  them. 

AFRICAN   BIVER8. 

§  4.  In  Africa  the  tropical  climate  and  the  extremes  of  aridity 
and  moisture  give  a  totally  different  character  to  its  rivers.  The 
most  southerly  part  is  com|iaratively  destitute  of  them,  and  those 
that  do  exist  arc  of  inferior  size,  except  the  Gariep,  or  Orange  River, 
which  has  a  long  course  on  the  table-land,  but  is  nowhere  navigable. 
In  comparatively  level  tracts  of  no  great  elevation  in  the  centre  of 
the  table-land,  rise  those  innumerable  streams  which  fill  the  plateau 
of  South  Africa  with  a  perfect  maze  of  large  rivers,  of  which  the 
Zambesi  or  Leambye  is  the  main  artery.  That  river  is  now  known 
to  be  one  of  the  greatest  of  the  continent.  It  drains  an  area  ex- 
tending over  10  degrees  of  latitude,  and  nearly  32  of  longitude.  It 
takes  its  rise  in  the  Gilolo  hills,  and  is  joined  by  the  Leeba  at  the 
northern  extremity  of  the  Barotse  valley,  about  800  miles  from 
Loauda.  It  then  flows  from  N.  to  S.  for  240  miles,  where  it  is 
joined  by  the  noble  deep  river  Chobe,  in  18°  17'  S.  lat.  and  23''  60' 
E.  long.  The  first  hundred  miles  is  through  the  Harotse  valley,  a 
grazing  country,  with  the  towns  raised  on  mounds  on  account  of 
the  annual  inundations.  After  this  the  river  is  extremely  beau- 
tiful, and  often  a  mile  broad,  with  many  islands  covered  with  the 
richest  vegetation.  Before  its  junction  with  the  Chobe,  its  bed 
becomes  rocky  as  well  as  its  banks,  which  are  undulating,  and  the 
trees  send  down  roots  from  their  branches  like  the  banyan,  llie 
united  stream  flows  to  the  E.,  and  in  17°  57'  S.  lat.  and  26**  6'  E. 
long,  forms  one  of  the  most  magnificent  cataracts  known.  The 
river,  here  1000  yards  broad,  ilrops  into  a  deep  narrow  chasm  in 
the  basaltic  rock,  not  more  than  25  yards  wide,  and  300  feet  deep, 
finding  an  outlet  near  one  extremity  of  the  cleft,  and  pursuing  its 
rapid  course  through  a  succession  of  similar  ravines  lower  down< 
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^'he  effect  of  its  sudden  contraction  and  fall  is  in  the  highest 
degree  sublime,  and,  from  the  point  from  which  Dr.  Ldvingstone 
saw  it,  appalling,  for  he  got  a  native  of  sufficient  nerve  to  paddle 
a  canoe  to  an  islet  immediately  above  the  fall:  the  columns  of 
vapour  rushing  up  for  300  or  400  feet  form  dense  clouds,  whence 
the  name  of  "  Mosioatunya,"  or  the  "  smoke-resounding  falls." 
When  Dr.  Livingstone  saw  this  fell,  the  waters  were  low,  but 
during  the  inundations,  when  the  river  flows  between  banks  many 
miles  wide,  and  still  forces  itself  through  the  same  narrow  space, 
it  must  be  terrifically  magnificent  beyond  description;  at  these 
times  the  colunms  of  spray  may  be  seen,  and  the  roar  heard,  10  or 
12  miles  off. 

After  entering  this  chasm,  the  river  changes  its  course,  foams  and 
rages  through  a  narrow  channel  amongst  tree-covered  hills,  and  then, 
emerging  from  its  confines,  it  spreads  out  again,  and  flows  to  the 
N.N.E.,  in  a  broad  placid  stream,  to  its  junction  with  the  Kafue,  a 
large  fine  river,  coming  from  the  W. ;  from  that  the  combined 
stream  runs  in  a  bending  line  eastward  to  its  confluence  with  the 
Mutu  or  Quilimane,  at  the  head  of  its  delta,  where  it  is  three- 
quarters  of  a  mile  broad.  There  is  a  great  body  of  water  in  it 
during  the  rains,  and  in  the  dry  season  it  is  shallow,  except  in  its 
winding  mid-channel.  Its  delta  is  300  miles  long,  and  as  large  as 
Scotland.  It  would  be  vain  to  mention  all  the  rivers  that  flow 
into  the  Zambesi,  they  are  so  numerous  and  complicated  ;  but  the 
Shird  is  too  important  to  be  omitted.  It  rises  in  Lake  Nyassa, 
and  in  the  middle  of  its  course  of  200  miles,  from  so  high  an  alti- 
tude to  the  Zambesi,  forms  a  series  of  cataracts  40  miles  long. 

The  river  next  in  importance  on  the  East  African  coast  is  the 
Limpopo,  a  large  stream,  whose  upper  waters,  flowing  over  the  table- 
lands of  the  interior,  have  long  been  well  known  to  elephant  hunters, 
and  form  the  western  and  northern  frontiers  of  the  Trans- Vaal 
Bepublic.  Lower  down  its  course  has  hitherto  been  an  enigma  to 
geographers,  and  no  less  than  five  different  embouchures  in  the 
Indian  Ocean  have  been  assigned  to  it,  extending  over  four  degrees 
of  latitude.  Various  obstacles  have  prevented  the  exploration  of 
this  portion  of  the  river,  amongst  which  is  the  prevalence  of  the 
tsetse  fly  in  the  low  lands,  beyond  the  point  where  the  river  breaks 
through  the  ridges  which  limit  the  table-land  of  the  interior.  In 
1869,  however,  Mr.  St.  Vincent  Erskine  boldly  undertook  to  solve 
the  problem.  He  marched  on  foot  from  Leydenburg  to  the  junction 
of  the  Lipaluli  (a  large  southern  affluent)  and  the  Limpopo,  which 
he  found  to  be  in  23*"  34'  S.  lat.  and  33°  40*  E.  long.,  and  then 
descended  by  the  left  bank  of  the  main  stream,  finding  its  mouth, 
after  a  hazardous  and  toilsome  journey,  to  be  the  same  as  that  of 
the  river  Inhampnra  of  modem  maps,  a  little  to  the  K.  of  Delagoa 
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Bay.  The  shallowness  of  the  water  in  the  lower  part,  and  the 
formidable  sandbanks  across  the  mouth  of  the  river  will  unfortu- 
nately prevent  this  fine  river,  which  has  a  course  of  nearly  900 
miles  through  a  varied  and  productive  region,  from  ever  becominf; 
useful  as  a  channel  of  communication. 

The  rivers  which  flow  to  the  Atlantic,  and  fertilize  the  luxuriant 
maritime  plains  of  Benguela,  Congo,  Angola,  and  Loango,  have  their 
sources  on  the  table-land.  ITie  Casai,  far  in  the  interior,  being 
joined  by  the  Casango,  runs  N.  through  a  country  of  forests  alter- 
nating with  sward,  and  then  turning  to  the  W.  rushes  through  a 
cleft  in  the  limiting  ridge  of  the  table-land,  and  descends  to  the 
plains  as  the  Congo,  which  like  most  of  the  African  rivers  is  navi- 
gable for  only  a  short  distance  above  its  mouth  (160  miles),  where 
the  ascending  tide  is  stopped  by  cataracts.  In  its  lower  course  this 
river  is  five  or  six  miles  broad,  studded  with  islands,  and  very  deep 
at  its  mouth.  On  account  of  the  abrupt  descent  from  the  high 
country'  to  the  maritime  plains,  none  of  these  rivers  afford  access  to 
the  interior  of  South  Africa. 

Farther  to  the  N.  the  Ogowai,  a  noble  river,  probably  not  inferior 
to  the  Congo  or  Zambesi,  is  formed  by  the  jimction  of  two  great 
streams,  the  Okanda,  probably  the  main  stream,  coming  from  the 
unknown  region  to  the  N.E.,  and  the  Ngunyai,  discovered  by  the 
adventurous  explorer  Du  Chaillu,  coming  from  the  S.E.  The 
Ogowai  and  Okanda  are  navigable  in  the  rainy  season  as  far  as 
they  have  been  explored,  and  their  waters  at  the  mouth  form  a 
common  delta  with  the  Femand  Vaz.  The  Nazareth  and  Mexias, 
hitherto  believed  to  be  separate  rivers,  are  merely  two  of  the  mouths 
of  this  system  of  rivers.  Dr.  Carth  suspected  the  Ogowai  to  be  the 
lower  jMirt  of  that  river  which  was  described  to  him  as  running 
westward  many  days*  journey  S.  from  Wadai,  and  he  believed  there 
was  a  vast  field  for  future  discovery  along  the  great  Okanda  branch 
of  the  Ogowai. 

The  mountainous  edge  of  the  table-land,  with  its  terminal  pro- 
jections, Senegambia  and  Abyssinia,  are  the  principal  sources  of 
the  great  streams  of  Central  Africa.  Various  rivers  have  their 
origin  in  these  elevated  regions,  of  which  the  Nile  and  the  Niger 
yield  in  size  only  to  some  of  the  great  Asiatic  and  American  rivers. 
In  iniix)rtance  and  historical  interest  the  Nile  is  inferior  to  none. 

Two  large  rivers  unite  their  streams  to  form  the  Nile — the  Bahr- 
el-Abiad,  or  White  Kiver,  and  the  Bahr-el-Azrek,  or  Blue  River; 
but  the  latter  is  ho  far  inferior  to  the  Bahr-el-Abiad  that  it  is  now 
regarded  as  a  tributary.  Another  great  tributary,  of  which  little 
was  known  until  it  was  visited  by  Petherick,  is  the  Bahr-el-Gazal, 
which  coming  from  a  large  level  region  to  the  W.  and  S.  joins  the 
White  Nile  in  about  9°  SO'  S.  lat.     The  main  stream  has  never 
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been  navigated  by  any  traveller  above  4°  9'  N.  latitude,  the  point 
reached  by  the  missionary  Knoblecher,  who  could  see  the  river  for 
30  miles  farther  coming  from  the  S.W.  The  source  of  the  White 
or  true  Nile  is  still  unknown ;  Lake  Victoria  Nyanza,  discovered 
by  Captain  Speke,  being  now  considered  merely  the  source  of  a 
large  tributary,  which,  descending  from  a  much  higher  level  than 
the  valley  of  the  main  stream,  forms  one  of  the  feeders  of  the 
Albert  Nyanza.  Emerging  from  the  northern  extremity  of  the 
latter  lake,  the  Nile  pierces  the  barrier  formed  by  a  range  of  hills 
N.  of  Gondokoro,  and  is  obstructed  by  numerous  cataracts  and 
rapids.  These  passed,  it  becomes  a  fine  navigable  stream  for  nearly 
a  thousand  miles  to  the  cataracts  of  Nubia. 

The  Abyssinian  tributary  of  the  Nile,  known  as  the  Bahr-el-Azrek, 
or  Blue  River,  rises  under  the  name  of  the  Didhesa  in  the  Galla 
country,  S.  of  Abyssinia,  about  73  miles  west  of  Saka,  the  capital 
of  Enarea.  It  springs  from  a  swampy  meadow  in  the  same  ele- 
vated plains  where  the  Godjeb  and  other  affluents  of  the  White 
Nile  originate ;  it  separates  the  kingdoms  of  Guma  and  Enarea,  and 
maintains  a  general  north-westerly  direction  till  it  joins  the  White 
Nile  at  Khartum.  Of  the  many  tributaries  to  the  Blue  River,  the 
Abai,  the  Nile  of  Bruce,  is  the  largest  and  most  celebrated.  Its 
sources  are  in  a  swampy  plain  near  Mount  Giesh,  in  the  district  of 
S4kkata,  from  whence  it  takes  a  circular  direction  round  the  penin- 
sula of  Gojam,  passing  through  Lake  Dembea,  and  receiving  many 
affluents  from  the  mountain-chain  that  forms  the  centre  of  the 
peninsula,  and  at  last  falls  into  the  Didhesa  or  Bahr-el-Azrek,  in 
about  11°  N.  latitude.  The  Atbara,  formed  by  the  junction  of  the 
Gwang  and  Takkazd,  is  one  of  the  principal  tributaries  of  the  Nile. 
The  lakkaz^  rises  in  the  mountains  of  Lasta,  a  day's  journey 
from  Lalil)ala,  one  of  the  most  celebrated  places  in  Abyssinia,  re- 
markable for  its  churches  hewn  out  of  the  solid  rock,  and  the 
Tselari,  which  springs  from  Mount  Bitfla,  the  northern  extremity 
of  the  high  land  of  Lasta,  which  divides  the  head-waters  of  the 
two  branches.  The  united  stream,  after  winding  like  the  other 
rivers  of  this  country,  joins  the  Nile  in  18®  N.  latitude,  the  northern 
limit  of  the  tropical  rains. 

The  Abyssinian  rivers  in  the  upper  part  of  their  course  are  little 
more  than  muddy  brooks  in  the  dry  season,  but  during  the  rains 
they  inundate  the  plains.  They  have  scooped  in  the  table-lands 
deep  ravines  in  the  rocky  surface ;  in  emerging  on  the  plains, 
they  are  at  first  only  a  few  yards  wide,  but  gradually  increase  to 
several  miles;  the  streams  form  cataracts  from  80  to  more  than 
100  feet  high,  and  then  continue  to  descend  by  a  succession  of  falls 
and  rapids,  which  decrease  in  height  as  they  run  northwards  to 
join  the  main  stream.     The  Takkaz^  takes  its  name  of  ''The 
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Terrible "  from  the  impetuosity  with  which  it  rushes  through  the 
chasms  and  over  the  precipices  of  the  mountains.  The  sediment 
brought  down  by  this  river,  produced  by  attrition  of  the  basaltic 
and  other  rocks,  forms  the  fertilizing;  mud  of  Egypt.  It  is  swept 
down  during  the  rainy  season.  In  the  dry  season  the  Atbara  is 
merely  a  string  of  stagnant  pools ;  it  is  to  the  White  Nile  solely 
that  is  due  the  perennial  flow  of  water  which  prevents  Egypt  from 
becoming  a  barren  waste  of  sand ;  and  the  irrigating  stream  is  de- 
rived from  the  lake  reservoirs  under  the  equator. 

From  the  Atbara  down  to  the  Mediterranean,  a  distance  of  120O 
miles,  the  Nile  does  not  receive  a  single  brook.  The  first  part  of 
that  course  is  interrupted  by  cataracts,  from  the  geological  structure 
of  the  Nubian  Desert,  which  consists  of  a  succession  of  broad  sterile 
terraces,  separated  by  ranges  of  rocks  running  E.  and  W.  Over 
these  the  Nile  falls  in  nine  or  ten  cataracts,  the  last  of  which  is  at 
Es-Souan  (Syene),  where  it  enters  Egypt.  Most  of  them  are  only 
rapids,  where  each  successive  fall  of  water  is  not  a  foot  high.  That 
they  were  higher  at  a  former  period  has  been  rendered  probable  by 
Dr.  Le|)8ius,  a  very  intelligent  traveller  sent  by  the  King  of  Prussia 
at  the  head  of  a  mission  to  explore  that  country.  He  found  a  series 
of  inscriptions  on  the  rocks  at  Sennaar,  marking  the  height  of  the 
Nile  at  different  periods;  from  which  it  appears  that  in  that 
country  the  bed  of  the  river  had  been  30  feet  higher  than  it  is 
now. 

Fifteen  miles  below  Cairo,  and  at  90  miles  from  the  sea,  the  Nile 
separates  into  two  branches,  one  of  which,  running  in  a  northerly 
direction,  enters  the  Mediterranean  below  Rosetta  ;  the  other  enters 
the  sea  above  Damietta ;  the  delta  between  these  two  places  has  a 
sea-coast  of  187  miles.  The  fall  from  the  great  cataract  to  the  sea 
is  about  two  inches  in  a  mile. 

The  full  extent  of  the  basin  of  the  Nile  is  not  at  present  known ; 
if  it  embraces  the  whole  of  the  equatorial  lakes  and  their  basins  of 
drainage,  as  is  now  thouji^ht  probable,  it  will  form  the  most  extra- 
ordinary river-system  of  the  world.  Excluding  the  southern  lakes, 
it  has  an  unusual  form ;  it  is  wide  in  Ethiopia  and  Nubia,  but  for 
the  greater  part  of  a  winding  course  of  2240  miles  it  is  merely  a 
verdant  line  of  Ixjauty,  suddenly  and  strongly  contrasted  with  the 
drcarv  waste  of  the  Red  Desert  in  the  midst  of  which  it  lies.  Ex- 
tending  from  the  ec^uatorial  far  into  the  tem|X3rate  zone,  its  aspect 
is  less  varied  than  might  have  l)een  expected,  on  account  of  the 
parched  and  showerless  country  it  imsses  through.  Nevertheless, 
from  the  great  elevation  of  the  sources  of  the  river,  the  upper  por- 
tion has  a  i)er]>etual  spring,  though  within  a  few  degrees  of  the 
equator.  At  the  foot  of  the  table-land  of  Abyssinia  the  country  is 
covered  with  dense  tropical  jungles,  while  the  rest  of  the  valley. 
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coTered  by  the  detritus  of  the  mountains  for  thousands  of  years,  is 
fertile  and  luxuriant. 

As  the  mean  Telocity  of  the  Nile,  when  not  flooded,  is  about  two 
miles  and  a  half  an  hour,  a  particle  of  water  would  take  22^  days 
to  descend  from  the  junction  of  the  Takkaz^  to  the  sea ;  hence  the 
retardation  of  the  annual  inundations  of  the  Nile  in  its  course  is  a 
peculiarity  of  this  river,  owing  to  some  unknown  cause  towards  its 
origin  which  affects  the  whole  stream.  In  Abyssinia  and  Sennaar 
the  river  begins  to  rise  in  April,^  yet  the  flood  is  not  perceptible  at 
Cairo  till  towards  the  summer  solstice ;  it  then  continues  to  rise 
during  nearly  a  hundred  days,  and  remains  at  its  greatest  height 
till  the  middle  of  October,  when  it  begins  to  subside,  and  reaches 
its  lowest  point  in  April  and  May.  The  height  of  the  flood  in 
Upper  Egypt  varies  from  30  to  35  feet ;  at  Cairo  it  is  23,  and  in 
the  northern  part  of  the  delta  only  four  feet. 

Anubis,  or  Sirius,  the  Dog-star,  was  held  in  veneration  by  the 
Egyptians,  from  its  supposed  influence  on  the  rising  of  the  Nile. 
According  to  Champollion,  the  calendar  of  that  extraordinary  people 
commenced  when  the  heliacal  rising  of  that  star  coincided  with  the 
summer  solstice — the  time  at  which  the  Nile  began  to  rise  at  Cairo. 
Now  this  coincidence,  according  to  the  most  accurate  calculation, 
took  place  about  3291  years  before  the  Christian  era ;  and  as  the 
rising  of  the  river  occurs  at  precisely  the  same  time  and  in  the  same 
manner,  it  follows  that  the  heat  and  periodical  rains  in  Upper 
Ethiopia  have  not  varied  for  5000  years.  In  the  time  of  Uipparchus 
the  summer  solstice  was  in  the  sign  of  Leo,  and  probably  about 
that  period  the  flowing  of  the  fountains  from  the  mouths  of  lions  of 
basalt  and  granite  was  adopted  as  emblematical  of  the  pouring  forth 
of  the  floods  of  the  Nile.  The  emblem  is  still  common  among  the 
Egyptian  monuments  transported  to  Rome.  Since  then  the  signs  of 
the  Zodiac  have  retrograded  more  than  30  degrees. 

The  two  greatest  African  rivers,  the  Nile  and  the  Niger,  are 
dissimilar  in  almost  every  circumstance;  the  Nile,  discharging  its 
waters  for  ages  into  a  sea  the  centre  of  commerce  and  civilization, 
has  been  renowned  by  the  earliest  historians,  sacred  and  profane, 
for  the  exuberant  fertility  of  its  banks,  and  for  the  learning  and 
wisdom  of  the  people  who  inhabited  them,  and  on  which  they  have 


*  The  April  rains  in  Abyssinia  are  slight,  and  coincide  with  the  passage 
of  the  sun  in  the  prime  vertical,  and  a  partial  rise  of  the  Nile  corresponding 
to  them  has  been  observed  at  Cairo ;  but  the  principal  rains,  the  probable 
cause  of  the  great  rise  in  the  waters  of  the  Nile,  take  place  at  a  later 
period  in  Enarea,  and  probably  throughout  all  Ethiopia  between  7°  and  9^ 
N.  It  rains  there  every  day  in  September;  and  as  the  maximum  rise  of 
the  Nile  at  Cairo  is  in  October,  these  two  phenomena  are  evidently  con- 
nected.— I/Abbadie. 
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left  magnificent  and  imperishable  monuments  of  their  genius  and 
power.  Egypt  was  for  ages  the  seat  of  science,  and  by  the  Red 
Sea  it  had  intercourse  with  the  most  highly  cultivated  nations  of 
the  East  from  time  immemorial.  The  Niger,  on  the  contrary, 
though  its  rival  in  magnitude,  and  running  through  a  country 
glowing  with  all  the  brilliancy  of  tropical  vegetation,  has  ever  been 
inhabited  by  barbarous  or  semi-barbarous  tribes ;  and  its  course  till 
lately  was  little  known,  as  its  source  still  is.  In  early  ages,  before 
the  Pillars  of  Hercules  had  been  passed,  and  indeed  long  afterwards, 
the  Atlantic  coast  of  Africa  was  an  unknown  region,  and  thus  the 
flowing  of  the  Niger  into  that  lonely  ocean  kept  the  natives  in  their 
original  rude  state.  Such  are  the  effects  of  local  circumstances  on 
the  intellectual  advancement  of  mankind. 

The  sources  of  the  Niger,  Joliba,  or  Quorra,  are  supposed  to  be 
on  the  northern  side  of  the  Kong  Mountains,  in  the  country  of 
Bambarra,  more  than  1600  feet  above  the  level  of  the  sea.  From 
thence  it  runs  N.,  and,  after  passing  through  Lake  Debo,  makes  a 
wide  circuit  in  the  plains  of  Soudan  through  eight  or  nine  degrees 
of  latitude ;  then  bending  round,  it  again  approaches  the  Kong 
Mountains,  at  the  distance  of  1000  miles  in  a  straight  line  from  its 
source,  and,  having  threaded  them,  it  flows  across  the  low  lands 
into  the  Gulf  of  Guinea.  In  the  plains  of  Soudan  it  receives  many 
very  large  affluents  from  the  high  land  of  Senegambia  on  the  W. ; 
and  the  Tchadda,  on  the  K.,  a  navigable  river  larger  than  itself,  falls 
into  it  a  little  below  Fundah,  after  a  course  of  some  hundred  miles : 
thus  the  Niger  probably  aff'ords  an  uninterrupted  water-communi- 
cation from  the  Atlantic  to  the  heart  of  Africa.*  Long  before 
emerging  from  the  plains  of  Soudan,  it  becomes  a  noble  river  with 
a  placid  stream,  running  at  the  rate  of  from  five  to  eight  miles  an 
hour,  varying  in  breadth  from  one  to  eight  miles.  Its  banks  are 
studded  with  populous  towns  and  villages,  surrounded  by  groves  of 
palm-trees  and  cultivated  fields. 

This  great  river  divides  into  three  branches  near  the  head  of  a 
delta  which  is  equal  in  area  to  Ireland,  intersected  by  navigable 
branches  of  the  principal  stream  in  every  direction.  1  he  soil  con- 
sist of  a  rich  mould,  and  the  vegetation  is  so  rank  that  the  trees 
seem  to  grow  out  of  the  water.  The  Nun,  which  is  the  principal 
or  central  branch,  flows  into  the  sea  near  Cape  Formosa,  and  is  that 
by  which  the  brothers  Lander  descended.  There  are,  however,  six 
rivers  which  nm  into  the  Bight  of  Benin,  all  communicating  with 
the  Niger,  and  with  one  another.  The  old  Calabar  is  the  most 
eastern ;  it  rises  in  the  high  land  of  Calbongos,  and  is  united  to  the 
Niger  by  a  natural  canal.     The  Niger,  throughout  its  long  winding 


»  Captain  W.  Allen,  K.N. 
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course,  lies  entirely  within  the  tropic  of  Cancer,  and  is  consequently 
subject  to  periodical  inundations,  which  reach  their  greatest  height 
in  August,  about  40  or  60  days  after  the  summer  solstice.  The 
plains  of  Soudan  are  then  covered  with  water  and  crowded  by  boats. 
These  fertile  regions  are  inaccessible  to  Europeans  from  the  pernicious 
climate,  and  from  the  savage  nature  of  many  of  the  tribes. 

The  coast  of  Guinea,  W.  of  the  Niger,  is  watered  by  many 
streams,  of  no  great  magnitude,  descending  from  the  Kong  Moun- 
tains. From  the  table-land  of  Senegambia  rise  the  Rio  Grande,  the 
Gambia,  the  Senegal,  and  others  of  great  size,  and  also  many  of 
an  inferior  order  that  fertilize  the  maritime  plains  on  the  Atlantic. 
Their  navigable  course  is  cut  short  by  a  chain  of  mountains  which 
forms  the  escarpment  of  the  high  land,  through  which  they  force 
their  way  in  rapids  and  cataracts.  The  Gambia  rises  in  Foula  Toro, 
and  after  a  course  of  about  600  miles  enters  the  Atlantic  by  many 
branches  connected  by  natural  channels,  supposed  at  one  time  to 
be  separate  rivers.  The  Senegal,  the  largest  river  in  this  part  of 
Africa,  is  850  miles  long.  It  receives  many  tributaries  in  the  upper 
part  of  its  course,  and  the  lower  is  full  of  islands.  It  drains  two 
lakes,  and  is  connected  with  the  waters  of  the  basin  of  the  Gambia 
by  the  river  Neriko. 
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ASIATIC  RIVERS. 


I  1.  Western  Asiatic  rivers ;  Euphrates  and  Tigris.  §  2.  Southern  Asiatic 
rivers;  the  Indus,  Ganges,  and  Brahmapootra;  the  Irrawady,  Menam, 
and  Cambodja.  §  3.  Chinese  river-system ;  the  Hong-Kiang,  Yang-tse- 
Kiang,  and  Hoang-ho;  the  White  River  and  the  Amur.  §  4.  Siberian 
rivers ;  the  Lena,  Tenessei,  and  Oby. 

§  1.  The  only  river-system  of  importance  in  Western  Asia  is  that 
of  the  Euphrates  and  Tigris,  in  the  basin  of  which,  containing  an 
area  of  230,000  square  miles,  immense  mounds  of  earth,  in  a 
desolate  plain,  point  out  the  sites  of  the  most  celebrated  cities  of 
antiquity — Nineveh  and  Babylon.  Innumerable  remains  and  in- 
scriptions, the  records  of  times  very  remote,  have  been  discovered 
of  late  years,  and  bear  testimony  to  the  truth  of  some  of  the  most 
interesting  pages  of  sacred  history.  The  Euphrates,  and  its  affluent 
the  Murad-Chai  (supposed  to  be  the  stream  forded,  as  the  Euphrates, 
by  the  Ten  Tliousand  in  their  retreat),  rise  in  the  heart  of  Armenia, 
and,  after  running  1800  miles  on  the  table-land  to  38°  41'  of  N. 
latitude,  they  join  the  northern  branch  of  the  Euphrates,  which 
rises  in  the  Gheul  Mountains,  near  Erzeroum.  The  whole  river 
then  descends  in  rapids  through  the  Taurus  chain  into  the  plains  of 
Mesoix)tamia. 

The  Tigris  rises  in  the  mountains  to  the  N.  and  W.  of  Diarbekr, 
and  after  receiving  several  tributaries  from  the  highlands  of 
Kurdistan,  it  pierces  the  Taurus  range  about  100  miles  above  Mosul, 
from  whence  it  descends  in  a  tortuous  course  through  the  plain  of 
ancient  Assyria,  receiving  many  streams  from  the  Tyari  Moimtains, 
inhabited  by  the  Nestorian  Christians,  and,  farther  S.,  from  those 
of  Luristan.  The  country  through  which  it  flows  is  rich  in  corn- 
fields, date-groves,  and  forest-trees.  Near  the  city  of  Bagdad  the 
Tigris  and  Euphrates  approach  to  within  12  miles  of  each  other, 
where  they  were  once  connected  by  two  great  canals.  From  this 
point  they  run  nearly  parallel  for  more  than  100  miles,  encircling 
the  plain  of  Babylon  or  Southern  Mesopotamia — the  modem  Irak- 
Arabi.    The  two  rivers  unite  at  Kooma,  and  form  one  stream, 
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which,  under  the  name  of  Shat  el  Arab,  runs  for  150  miles  before  it 
falls  into  the  Persian  Gulf.  The  banks  of  the  Tigris  and  Euphrates, 
once  the  seat  of  an  extensiye  population,  and  of  art,  civilization, 
and  industry,  are  now  nearly  deserted,  covered  with  brushwood  and 
grass,  dependent  on  the  rains  alone  for  that  luxuriant  vegetation 
which,  under  an  admirable  system  of  irrigation,  formerly  covered 
them.  Excepting  the  two  large  centres  of  population,  Bagdad  and 
Mosul,  the  inhabitants  consist  of  nomado  Kurdish  tribes.  What 
remains  of  civilization  has  taken  refuge  in  the  mountains  of  the 
ancient  Chaldeans,  where  the  few  trac€fs  of  primitive  and  most 
ancient  Christianity,  under  the  misapplied  denomination  of  Ncsto- 
rian  Christians,  are  to  be  found  in  the  Tyari  range.  The  floods  of 
the  rivers  are  very  regular  in  their  rise  and  fall;  beginning  in 
March,  they  attain  their  greatest  height  in  June. 

Tne  Persian  Gulf  may  be  navigated  by  steam  all  the  year,  the 
Euphrates  only  eight  months ;  it  might,  however,  afford  easy  inter- 
course with  Eastern  Asia,  as  it  did  in  former  times.  The  distance 
from  Aleppo  to  Bombay  by  the  Euphrates  is  2870  miles,  of  which 
2700,  from  Bir  to  Bombay,  are  by  water ;  in  the  time  of  our  Queen 
Elizabeth  this  was  the  common  route  to  India,  and  a  fleet  was  then 
kept  at  Bir  expressly  for  that  navigation. 

§  2.  Six  rivers  of  the  first  magnitude  descend  from  the  southern 
side  of  the  table-land  of  Eastern  Asia  and  its  mountain  barriers,  all 
different  in  origin,  direction,  and  character,  while  they  convey  to 
the  ocean  a  greater  volume  of  water  than  all  the  rivers  of  the  rest 
of  the  continent  conjointly.  Of  these,  the  Indus,  the  double  system 
of  the  Ganges  and  Brahmapootra,  and  the  three  parallel  rivers  of 
the  Indo-Chinese  peninsula,  water  the  plains  of  Southern  Asia ;  the 
great  system  of  rivers  that  descend  from  the  eastern  terraces  of 
the  table-land  irrigates  the  fertile  lands  of  China ;  and  lastly,  the 
Siberian  rivers,  not  inferior  to  any  in  magnitude,  carry  the  waters 
of  the  Altai  and  northern  slope  of  the  great  Asiatic  table-land  to 
the  Arctic  Ocean. 

The  sources  of  the  Indus  were  ascertained  with  tolerable  accuracy 
in  1867,  by  natives  trained  in  surveying  and  employed  by  Captain 
T.  G.  Montgomerie.  They  lie  to  the  N.  of  Kailas  Peak,  and  within 
a  few  miles  of  the  sources  of  the  Sutlej  and  the  Brahmapootra,  the 
dividing  ridge  between  the  Indus  and  the  two  other  rivers  lying 
parallel  to  the  main  chain  of  the  Himalaya  and  a  short  transverse 
ridge  parting  the  sources  of  the  Sutlej  and  Brahmapootra.  The 
direction  of  both  the  Indus  and  the  Brahmapootra  lies  parallel  to 
the  axis  of  the  Himalaya  till  they  reach  its  known  extremities, 
where  they  descend  rapidly  and  turn  abruptly  through  the  Himalaya 
in  their  way  to  the  plains  of  India.  The  main  stream  of  the  Indus 
is  750  miles  long  from  its  head,  which  is  called  the  Lion  Rivw, 
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about  the  82nd  eastern  meridian,  to  Acho,  in  liower  Balti.  It 
receiyes,  in  79°  45'  E.  long.,  the  Gartnng-chu  River,  at  which  point 
its  waters  flow  at  an  elevation  of  13,000  feet  above  the  level  of  the 
sea.  The  gold  district  of  Western  Tibet,  where  several  thousand 
people  are  continually  employed  in  excavations  at  an  elevation  of 
16,330  feet,  lies  a  little  ft  the  E.  of  the  mountain-ranges  which 
enclose  the  river  valley.  Running  N.W.,  it  is  joined,  below  Leh, 
by  the  Shy  ok,  which  flows  from  the  southern  slope  of  the  Kara- 
korum.  At  Acho,  in  Lower  Balti,  after  a  course  of  200  miles,  the 
Tibetan  Indus  descends  W.  of  the  valley  of  Cashmere  to  the  plain 
of  the  Punjab.  According  to  Captain  Strachey,  the  Tibetan  Indus 
drains  47,000  square  miles.  The  greatest  of  its  tributaries,  the 
Sutlej,  has  two  sources — one  in  the  valley  of  Tsotso,  and  the  other, 
known  as  the  Elephant  River,  issues  from  the  lake  R'akas  in  the 
Gkmgri  valley.  These  two  streams,  flowing  in  opposite  directions, 
meet  and  break  through  the  Himalaya  about  the  75th  meridian, 
in  one  stream  which  traverses  the  whole  breadth  of  the  chain  in 
frightful  chasms  to  the  plains  of  the  Punjab.  Three  tributaries — 
the  Jelum  or  Hydaspes,  the  Chenab  or  Acescines,  and  the  Ravee  or 
flydraotes,  all  superior  to  the  Rhone  in  size — flow  from  the  southern 
face  of  the  Himalaya,  and  with  the  Sutlej  (the  ancient  Hyphasis) 
join  the  Indus  before  it  reaches  Mittun ;  hence  the  name  Punjab, 
"  the  plain  of  the  five  rivers,"  now  one  of  the  most  valuable  countries 
of  our  Eastern  empire.  From  Mittun  to  the  ocean,  the  Indus,  like 
the  Nile,  does  not  receive  a  single  accessary,  and  from  the  same 
cause — the  sterility  of  the  country  through  which  it  passes.  The 
Cabul  River,  which  rises  near  Guzni,  and  is  joined  by  a  larger  affluent 
from  the  southern  declivities  of  the  Hindoo  Coosh,  flows  through 
picturesque  and  dangerous  defiles,  and  joins  the  Indus  at  the  town 
of  Attock,  and  is  the  only  tributary  of  any  magnitude  that  enters 
it  from  the  W. 

The  Indus  is  not  well  adapted  for  navigation :  for  70  miles  after 
it  leaves  the  mountains  the  descent  in  a  boat  is  dangerous,  and  it  is 
only  navigable  for  steam-vessels  of  small  draught  of  water ;  yet, 
from  the  fertility  of  the  Pimjab,  and  the  near  approach  of  its  basin 
to  that  of  the  (Ganges  at  the  foot  of  the  mountains,  it  has  already 
become  a  valuable  acquisition,  because  it  commands  the  principal 
roads  between  Persia  and  India,  one  through  Cabul  and  Peshawur, 
and  the  other  from  Herat  through  Candahar.  The  delta  of  the 
Indus,  formerly  celebrated  for  its  civilization,  has  long  been  a 
desert ;  but  from  the  luxuriance  of  the  soil,  and  the  change  of 
political  circumstances,  it  may  again  resume  its  pristine  aspect. 
It  is  GO  miles  long,  and  presents  a  line  of  120  miles  along  the  sea 
in  the  Gulf  of  Oman,  where  the  river  empties  itself  by  many  mouths, 
of  which  only  three  or  four  are  navigable ;  one  only  can  be  entered 
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by  vessels  of  50  tons,  and  all  are  liable  to  cbange.  The  tide  ascends 
them  with  extraordinary  rapidity  for  75  miles,  and  so  great  is  the 
quantity  of  mud  carried  by  it,  and  the  absorbing  violence  of  the 
eddies,  that  a  vessel  wrecked  on  the  coast  was  buried  in  sand  and 
mud  in  two  tides.  The  annual  floods  begin  with  the  melting  of 
the  snow  in  the  Himalaya  towards  th#  end  of  April,  attain  their 
greatest  height  in  July,  and  end  in  September.  The  len^h  of  the 
Indus  is  1960  miles,  and  it  probably  drains  an  area  of  312,000 
square  miles  ;  but  this  is  uncertain. 

The  second  group  of  South  Indian  rivers,  and  one  of  the  greatest, 
is  the  double  system  of  the  Ganges  and  Brahmapootra.  These  two 
rivers,  though  draining  opposite  sides  of  the  main  chain  of  the 
Himalaya,  converge  to  a  common  delta,  and  constitute  one  of  the 
most  important  river-systems  on  the  globe. 

Mr.  Alexander  Elliot,  son  of  Admiral  Elliot,  and  his  friends,  are 
the  first  who  accomplished  the  arduous  expedition  to  the  sources 
of  the  Ganges.  The  river  flows  at  once  in  a  very  rapid  stream  not 
less  than  40  yards  across,  from  a  huge  cave  in  a  perpendicular 
wall  of  ice  at  a  distance  of  about  three  marches  from  the  Temple  of 
Gungootree,  to  which  the  Hindoo  pilgrims  resort  in  great  numbers. 
Mr.  Elliot  says,  "The  view  from  the  glacier  was  perfectly  amazing; 
beautiful  or  magnificent  is  no  word  for  it — it  was  really  quite  as- 
tonishing. If  you  could  fancy  a  bird*8-eye  view  of  all  the  moun- 
tains in  the  world  in  one  cluster,  and  every  one  of  them  covered 
with  snow,  it  would  hardly  give  you  an  idea  of  the  sight  which  pre- 
sented itself." 

Many  streams  from  the  southern  face  of  the  Himalaya  unite  ^t 
Hurdwar  to  form  the  great  body  of  the  river.  It  flows  from  thence 
in  a  south-easterly  direction  through  the  plains  of  Bengal,  receiving 
in  its  course  the  tribute  of  19  or  20  rivers,  of  which  12  are  larger 
than  the  Rhine.  About  220  miles  in  a  direct  line  from  the  Bay  of 
Bengal,  into  which  the  Ganges  flows,  the  innumerable  channels  and 
branches  into  which  it  splits  form  an  intricate  maze  over  a  delta 
twice  as  large  as  that  of  the  Nile. 

The  Brahmapootra,  a  river  superior  in  the  volume  of  its  waters 
to  the  Ganges,  may  be  considered  as  the  continuation  of  the  Tsan- 
po  or  river  of  Lassa,  which  rises  near  the  most  eastern  of  the 
Sacred  Lakes  of  Manasarowar,  and,  as  already  observed,  not  far  from 
the  sources  of  the  Sutlej  and  Indus,  in  long.  82°  E.  After  watering 
the  great  longitudinal  valley  in  the  highlands  of  Tibet,  descending 
from  an  elevation  above  the  sea-level  of  about  14,000  to  11,000 
feet  S.  of  Lassa,  it  makes  a  sudden  bend  to  the  S.  in  long.  90°  R, 
cutting  through  the  Himalaya  chain,  as  the  Indus  does  at  its  oppo- 
site extremity  between  Iskardo  and  Attock ;  after  which  it  receives 
several  tributaries  from  the  northern  mountains  of  the  Birman 
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empire ;  but  very  little  is  known  of  this  part  of  its  basin.  The 
Tsan-po  is  parallel  to  the  Himalaya  chain,  until  it  enters  Upper 
Assam,  where  it  is  joined  from  the  N.E.  by  the  Brahmapootra, 
properly  so  called,  which,  having  passed  through  the  sacred  pool  of 
Brahma-Koond,  receives  the  name  which  it  bears  in  the  lower 
part  of  its  course — Brahmapootra,  the  "offspring  of  Brahma:" 
the  natives  call  it  the  Lahit,  Sanscrit  for  the  "  Red  River."  In 
Upper  Assam,  through  which  the  united  streams  wind  500  miles, 
it  forms  some  extensive  channel  islands,  and  receives  six  very  con- 
siderable affluents,  of  which  the  origin  is  unknown,  though  some 
are  supposed  to  come  from  the  table-land  of  Eastern  Tibet.  They 
are  only  navigable  in  the  plains,  but  vessels  of  considerable  burthen 
ascend  the  parent  stream  as  far  as  Sudiya.  Before  it  enters  the 
plains  of  Ben;i;al,  below  Goyalpara,  the  Brahmapootra  runs  with 
rapidity  and  in  great  volume,  and,  after  receiving  the  rivers  of 
Bhotan  and  other  streams,  branches  of  it  unite  with  those  of  the 
Ganges  about  40  miles  from  the  coast,  but  the  two  rivers  enter 
the  sea  by  different  mouths,  though  they  sometimes  approach 
within  two  miles.  The  length  of  the  Brahmapootra  is  estimated 
at  1680  miles,  or  nearly  the  same  as  that  of  the  Ganges:  the 
volume  of  water  discharged  by  it  during  the  dry  season  is  about 
146,188  cubic  feet  in  a  second;  the  quantity  discharged  by  the 
Ganges  in  the  same  time  and  under  the  same  circumstances  is  only 
80,000  cubic  feet.  In  the  pereimial  floods  the  quantity  of  water 
poured  through  the  tributaries  of  the  Brahmapootra  from  their 
snowy  sources  is  incredible ;  the  plains  of  Upper  Assam  are  an 
eutire  sheet  of  water  from  the  15th  of  June  to  the  15th  of  Sep- 
tember, and  there  is  no  communication  but  by  elevated  causeways 
eight  or  ten  feet  high ;  the  two  rivers,  with  their  branches,  lay  the 
plain  of  Bengal  under  water  for  hundreds  of  miles  annually.  They 
begin  first  to  swell  from  the  melting  of  the  snow  on  the  mountains, 
but,  before  their  inferior  streams  overflow  from  that  cause,  all  the 
lower  parta  of  Bengal  adjacent  to  the  Ganges  and  Brahmapootra 
are  imder  water  from  tlie  swelling  of  these  rivers  by  the  rains. 
The  increase  is  arrested,  before  the  middle  of  August,  by  the  cessa- 
tion of  the  rains  in  the  mountains,  though  they  continue  to  fall  longer 
on  the  plains.  The  delta  is  traversed  in  every  direction  by  arms  of 
the  rivers.  The  Hoogly  branch,  at  all  times  navigable,  passes 
Calcutta  and  Chandemagor;  and  the  Uauringotta  arm  is  also 
navigable,  as  well  as  the  Ganges  properly  so  called.  The  channels, 
however,  are  perpetually  changing,  from  the  strength  of  the  current 
and  the  prodigious  quantity  of  matter  brought  down  from  the  high 
lands.  The  Sunderbunds,  a  congeries  of  innumerable  river-islands 
formed  by  the  endless  streams  and  narrow  channels  of  the  rivers, 
as  well  as  by  the  indentations  of  arms  of  the  sea,  line  the  coast  of 
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Bengal  for  180  miles,  a  wilderness  of  jungle  and  forest.  The 
united  rivers  of  the  Ganges  and  Brahmapootra  drain  an  area  of 
432,480  square  miles,  and  there  is  scarcely  a  spot  in  Bengal  more 
than  20  miles  distant  from  one  of  their  tributary  streams,  navi- 
gable even  in  the  dry  season. 

These  three  great  rivers  of  Southern  India  do  not  differ  more 
widely  in  their  physical  circumstances  than  in  the  races  of  men 
who  inhabit  their  banks,  yet  from  their  position  they  seem  formed 
to  unite  nations  the  most  varied  in  their  aspect  and  speech.  The 
tributaries  of  the  Ganges  and  Indus  come  so  near  to  each  other  at 
the  foot  of  the  mountains  that  a  canal  only  two  miles  long  would 
imite  them,  and  thus  an  inland  navigation  from  the  Bay  of  Bengal 
to  the  Gulf  of  Oman  might  be  established. 

An  immense  volume  of  water  is  poured  in  a  series  of  nearly 
parallel  rivers  of  great  magnitude,  and  running  in  a  meridional 
direction,  through  the  Indo-Chinese  peninsula,  to  empty  themselves 
into  the  ocean  on  either  side  of  the  peninsula  of  Malacca.  They 
rise  in  those  elevated  regions  at  the  south-eastern  angle  of  the  table- 
land of  Tibet,  the  lofty  but  imknown  provinces  of  the  Chinese 
empire,  and  water  the  great  valleys  that  extend  nearly  from  N.  to 
S.  with  perfect  uniformity,  between  chains  of  mountains  no  less 
uniform,  which  spread  out  like  a  fan  as  they  approach  the  sea. 
Scarcely  anything  is  known  of  the  sources  or  upper  parts  of  these 
rivers,  and,  with  a  few  exceptions,  little  of  the  lower. 

Their  number  amounts  to  six  or  seven,  all  large,  though  three 
surpass  the  rest  in  size — the  Irrawady,  which  waters  the  Birman 
empire,  and  falls  into  the  Bay  of  Bengal  at  the  Gulf  of  Martaban ; 
the  Menam,  or  river  of  Siam ;  and  the  river  Cambodja,  which  flows 
through  the  empire  of  Anam :  the  last  two  fall  into  the  Gulf  of 
Siam  and  the  China  Sea. 

The  sources  of  the  Irrawady  are  in  the  same  chain  of  moimtains 
with  the  eastern  affluents  of  the  Brahmapootra.  Its  course  is 
through  countries  hardly  known  to  Europeans,  but  it  appears  that 
it  is  navigable  by  boats  before  reaching  the  city  of  Amarapoora, 
8.  of  which  it  enters  the  finest  and  richest  plain  of  the  empire, 
containing  its  four  capital  cities.  There  it  receives  two  large 
affluents,  one  from  the  Chinese  province  of  Yunnan,  which  flows 
into  the  Irrawady  at  the  city  of  Ava,  4^6  miles  from  the  sea,  the 
highest  point  attained  by  the  British  forces  during  the  Burmese 
war. 

From  Ava  to  its  delta  the  Irrawady  is  a  magnificent  stream,  more 
than  four  miles  broad  in  some  places,  but  encumbered  with  nume- 
rous islands.  In  this  part  of  its  course  it  receives  its  largest  tribu- 
tary, and  forms  in  its  delta  one  of  the  most  extensive  systems  of 
internal  navigation^   The  Bangoon  is  the  only  one  of  its  14  mouths 
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that  is  always  navigable,  and  in  it  the  commerce  of  the  empire  is 
concentrated.  The  internal  communication  is  extended  by  the 
junction  of  the  two  most  navigable  deltoid  branches  with  tlic  rivers 
Saluen  and  Pegu  by  natural  canals :  that  joining  the  former  is  200 
miles  long;  the  canal  uniting  the  latter  is  only  navigable  at  higli 
water. 

The  Menam,  one  of  the  largest  Indo-Chinese  rivers,  is  less  known 
than  the  Irrawady ;  it  comes  from  the  Chinese  province  of  Yunnan, 
and  runs  through  the  kingdom  of  Siam,  which  it  cuts  into  several 
islands  by  many  diverging  branches,  and  enters  the  Gulf  of  Siam 
by  three  principal  arms,  the  most  easterly  of  which  forms  the 
harbour  of  Bangkok. 

The  Mekon,  or  river  of  Camb(xlja,  has  the  lon-j^est  course  of  any 
in  the  peninsula ;  it  is  supposed  to  be  the  Lantsan-Kijinii,  which 
rises  in  the  highland  of  K'ham,  in  Eastern  Asia,  not  far  from  the 
sources  of  the  great  Chinese  river,  the  Yang-tse-Kiang.  After 
traversing  the  elevated  plain  of  Y'luinan,  where  it  is  navigable,  it 
rushes  through  the  mountain  barriers,  and  is  again  navigable  by 
boats  on  reaching  a  wider  valley,  for  a  distance  of  several  hundriMl 
miles.  About  300  miles  from  its  mouth,  it  is  hemmed  in  by  a 
hilly  range,  and  forms  numerous  cataracts  and  rai>ids  which  destroy 
its  utility  as  a  great  artery  of  communication  with  the  interior. 

The  ancient  capital  of  Anam  is  situated  on  the  CamlxMlja,  alxnit 
150  miles  from  the  sea;  a  little  to  the  S.  its  extensive  delta  Ixv^ins, 
projects  far  into  the  ocean,  and  is  cut  in  all  directions  by  arms  of 
the  river,  navigable  during  the  floods;  three  of  its  mouths  are 
permanently  so  for  lar^e  vessels  up  to  the  ca])ital.  The  Sallng, 
more  to  the  E.,  is  much  shorter  than  the  Cambodja,  though  said 
to  be  1000  miles  long,  but  Europeans  have  not  ascended  highei 
than  the  town  of  Sai-Gon.  Near  its  mouth  it  sends  otf  several 
branches  to  the  eastern  arm  of  the  Cambodja.  All  rivers  of  this 
l>art  of  Asia  are  subject  to  periodical  inundations,  which  fertilize 
the  plains  at  the  expense  of  the  mountains. 

The  ixirallelism  of  the  mountain-chains  constitutes  fonnidable 
barriers  between  the  up]KT  Kasins  of  the  Indo-Chinese  rivers,  and 
decided  lines  of  sepamtion  l)etween  the  inhabitants  of  the  inter- 
vening valleys :  but  this  inconvenience  is  in  some  degree  comi)en- 
sated  by  the  natural  canals  of  junction  and  the  extensive  water- 
comnmnication  towards  the  mouths  of  these  rivers. 

§  3.  Four  great  systems  of  rivers  take  their  origin  on  the  eastern 
declivity  of  the  great  table-land  of  Central  Asia,  and,  running  from 
W.  to  E.,  traverse  the  Chinese  empire: — The  Hong-Kiang,  rising 
in  the  province  of  Yunnan,  empties  itself  into  the  Kiy  of  Canton. 
The  Y'ang-tse-Kiamr,  or  S(m  of  the  Ocean,  descends  in  two  main 
streams  from  the  IVriii^  M<juntains,  which  divide  China  Projwr  from 
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the  unknown  regions  of  Tartary,  and  is  estimated  to  have  a  length 
of  3000  miles,  a  fifth  part  of  which  is  navigable  by  large  ships. 
This  mighty  river,  next  in  size  to  the  Mississippi  and  Amazon,  is 
swelled  by  numerous  affluents,  chiefly  from  the  N.,  but  also  by 
some  on  its  southern  shore.  The  former,  flowing  from  lofty  snow- 
clad  mountains,  and  consequently  rushing  forth  with  great  violence 
in  the  early  summer,  carry  down  vast  quantities  of  sand  and 
detritus,  so  that  the  main  stream  is  either  rapidly  obstructed  in 
one  part  of  its  bed  or  deepened  in  another  by  new  and  powerful 
currents,  consequently  requiring  a  very  careful  navigation.  The 
Hoang-Ho,  or  Yellow  Kiver,  so  called  from  the  quantity  of  earthy 
matter  it  carries  down  to  the  sea,  is  2280  miles  long.  Although 
its  source  is  near  that  of  the  "  Son  of  the  Ocean,"  the  two  rivers 
are  widely  separated  by  the  mountain-chains  that  border  the  table- 
land: they  approach  each  other  as  they  proceed  on  their  eastern 
course,  and  previous  to  the  year  1851  were  not  more  than  100  miles 
apart  when  they  entered  the  Yellow  Sea.  In  that  year  the  river 
burst  through  its  northern  banks  near  Lan-Yang-hien  in  Honan, 
and  by  1853  its  lower  course  was  wholly  changed,  and  its  waters 
diverted  northward  to  a  new  embouchure  in  the  Gulf  of  Pechili, 
2G0  miles  distant  from  its  old  mouth.  No  less  than  nine  such 
changes  are  recorded  by  the  Chinese  as  having  taken  place  during 
the  last  2500  years ;  the  first  dating  about  602  b.c.,  and  the  ninth 
the  one  just  described.  The  positions  of  the  mouths  resulting  from 
these  changes  of  the  river-bed  range  over  an  extent  of  coast-line 
comprised  within  no  less  than  five  degrees  of  latitude.  The  Yang- 
tse-Kiang  and  the  Yellow  River,  in  the  lower  part  of  their  course, 
are  united  by  innumerable  canals,  forming  the  grandest  system  of 
irrigation  and  of  internal  navigation  in  existence. 

Strong  tides  ascend  these  rivers  to  the  distance  of  400  miles,  and 
for  the  time  prevent  the  descent  of  the  fresh  water,  which  forms 
large  interior  seas,  frequented  by  thousands  of  trading  vessels ;  they 
irrigate  the  productive  land  of  Central  China,  from  time  immemorial 
the  most  highly  cultivated  and  the  most  densely  peoj)led  region  of 
the  globe. 

Almost  all  the  Chinese  rivers  of  less  note — and  they  are  numerous 
— feed  these  giant  streams,  with  the  exception  of  the  Ta-si  or  Hong- 
Kiang  and  the  Pei-Ho  or  White  River,  which  have  their  own 
basins.  The  former,  rising  to  the  E.  of  the  town  of  Yunnan,  flows 
through  the  plains  of  Canton  eastward  to  the  Gulf  of  Canton,  into 
which  it  discharges  itself,  increased  in  its  course  by  the  Sekiang. 

The  White  River,  rising  in  the  mountains  near  the  Great  Wall, 
becomes  navigable  a  few  miles  E.  of  Pekin,  unites  with  the  Eu-ho, 
joins  the  Great  Canal,  and,  as  the  tide  ascends  it  for  80  miles,  it  is 
crowded  with  trading- vessels. 
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The  AmuFy  the  sources  of  which  are  in  Mongolia  and  the  I'rans- 
fatikal  coontry,  separates  in  great  part  of  its  course  Chiucfte  Man- 
churia from  the  new  Russian  territory  of  Aiuurskaya,  is  2380 
miles  long,  including  its  windings,  and  has  a  basin  of  582,880 
squAre  miles.  Almost  all  its  tributaries  come  from  that  |)art  of 
the  Raikalian  group  called  the  Yablonnoi  Khrcbct  by  the  Russians, 
and  Khing-Ehan-Oola  by  the  Chinese.  It  is  fonned  by  the  junc- 
tion of  the  Shilka  from  the  N.  and  the  Argun  from  tlie  S. ;  and 
though  its  course  is  through  an  uninhabited  country,  it  is  celebrated 
as  haying  been  the  birthplace  and  the  scene  of  the  exploits  of 
Tshingis  Khan«  After  passing  through  the  lake  of  Dalainor,  which 
is  210  miles  in  circumference,  it  takes  the  name  of  Argun,  and 
forms  the  boundary  between  China  and  Russia  I'ur  400  miles ;  it  is 
then  joined  by  the  Shilka,  where  it  assumes  the  Tunguse  name  of 
the  Amur  or  Great  River :  the  Manchus  call  it  the  Saghalin  or 
Black  Water.  It  receives  most  of  the  unknoAvn  rivors  which  come 
from  the  mountain-slopes  of  the  Great  Gobi,  takes  a  northern  course, 
and  falls  into  the  Pacific  op[x>site  to  the  island  of  Sa4;halin,  after 
having  traversed  3°  of  latitude  and  33^  of  lonuitude.  Its  mouth  is 
frozen  for  seven  months  in  the  year ;  but  in  the  island  of  Saghalin 
Russia  possesses  several  fine  harbours,  which  will  enable  her  fleets 
to  keep  the  sea  throughout  the  year,  together  with  extensive  beds 
of  coal  capable  of  regularly  supplying  her  steam  navy  in  the  North 
Pacific.  The  connection  of  the  Baltic  and  the  Caspian  Seas  is  com- 
plete, and  it  now  requires  only  200  miles  of  additional  canalization 
to  connect  the  Caspian  and  Pacific ;  when  that  work  is  accomplished, 
the  Baltic  and  Pacific  will  be  united  by  an  unbroken  internal  navi- 
gation of  8000  miles. 

§  4.  Three  great  rivers,  the  Lena,  the  Yenessci,  and  the  double 
system  of  the  Irtish  and  Oby,  not  inferior  in  size  to  any  of  the 
rivers  of  Asia,  carry  off  the  waters  of  the  Altai  chain,  and  of  the 
mountains  which  bound  the  northern  border  of  the  great  Asiatic 
table-land.  The  Lena,  whose  basin  occu])ies  594,(XX)  squan*  miles, 
rises  in  mountains  N.  of  the  I^ke  of  Baikal,  and  runs  N.E.  through 
more  than  half  its  course  to  Yakutsk,  in  Siberia,  the  coldest  town 
on  the  face  of  the  earth,  receiving  in  its  course  the  Vitini  and  the 
Olekma,  its  two  principal  affluents,  the  former  from  the  Baikal 
Mountains,  the  latter  from  Stannovoi  Khrebet,  the  most  southerly 
part  of  the  Aldan  range.  North  of  Yakutsk,  about  the  G3rd  ]iarallel 
of  latitude,  the  Lena  receives  the  Aldan,  its  greatest  tributary, 
which  also  comes  from  the  Stannovoi  Khrelxjt ;  it  then  nms  to  the 
Arctic  Ocean,  between  banks  of  frozen  mud,  prodigious  masses  of 
which  are  hurled  down  by  the  sumnier  floods,  and  expose  to  view 
the  lx>nesof  those  extinct  s]xx;iesof  elephants  and  rhinoceros  which 
at  some  remote  ix'ri<xi  had  found  their  nourishment  in  these  desert 
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plains.!    The  length  of  the  Lena,  including  its  windings,  is  2400 
miles. 

Tlio  Yenessei,  a  much  larger  river  than  the  Lena,  drains  about 
784,530  square  miles,  and  is  fonned  by  the  union  of  the  Great  and 
Little  Kem.  The  former  rises  at  the  junction  of  the  Savansk  range 
with  the  Baikalian  mountains  to  the  N.W.  of  Lake  Kassagol ;  the 
latter  comes  from  the  Egtag  or  Little  Altai,  in  quite  an  opposite 
direction,  so  that  these  two  meet  nearly  at  right  angles,  and  take 
the  name  of  Yenessei ;  it  then  crosses  the  Savansk  range  in  cataracts 
and  rapids,  entering  the  plains  of  Siberia  below  the  town  of 
Krasnojarsk.  Below  this  many  rivers  join  it,  chiefly  the  Angara 
from  the  lake  Baikal ;  but  its  greatest  tributaries,  the  Upper  and 
Lower  Tunguska,  both  large  rivers  from  the  Baikalian  mountains, 
join  it  lower  down,  the  first  to  the  S.,  the  latter  to  the  N.  of  the 
town  of  Yeniseisk,  whence  it  runs  N.  to  the  Icy  Ocean,  there  form- 
ing a  large  gulf,  its  length,  measured  along  its  bed,  being  2800 
miles. 

The  Oby  rises  in  the  lake  of  Toleskoi,  "the  Lake  of  Gold,**  in 
Great  Tartary ;  all  the  streams  of  the  Lesser  Altai  unite  to  augment 
its  waters  and  its  great  tributary  the  Irtish.  The  rivers  which 
descend  from  the  northern  declivity  of  the  mountains  go  to  the 
Oby,  those  from  the  western  side  to  the  Irtish.  The  latter  springs 
from  numerous  streams  on  the  south-western  declivity  of  the  Little 
Altai,  and  nms  westward  into  the  Zaisan  Lake,  200  miles  in  cir- 
cumference. Issuing  from  thence,  it  takes  a  westerly  course  to  the 
plain  on  the  N.  of  Semipolatinsk,  in  which  it  is  joined  by  the 
Tobol,  which  crosses  the  steppe  of  the  Kirghiz  Cossacks  from  the 
Ural  Mountains,  and  then  it  unites  with  the  Oby ;  the  joint  stream 
proceeds  to  the  Arctic  Ocean,  into  which  it  falls  in  67°  N.  lat.  The 
Oby  is  2400  miles  long,  and  the  basin  of  these  two  rivers  occupies 
a  third  part  of  the  area  of  Siberia. 

Before  the  Oby  leaves  the  mountains,  at  a  distance  of  1200  miles 
from  the  Arctic  Ocean,  its  surface  has  an  elevation  of  not  more 
than  400  feet,  and  the  Irtish,  at  the  same  distance,  is  only  72  feet 
higher ;  both  the  currents  are  consequently  sluggish.  When  the 
snow  melts,  they  cover  the  country  like  seas ;  and  as  the  inclination 


*  The  elephant  and  rhinoceros  of  Siberia  belong  to  extinct  species  whose 
remains  are  widely  scattered  over  the  whole  of  Europe.  The  Siberian  in- 
dividuals were  covered  with  a  thick  coating  of  hair  and  far,  so  different 
from  any  of  their  living  congeners,  that  it  suggested  to  Cuvier  the  expla- 
nation of  their  being  able  to  exist  in  so  cold  a  climate,  where,  from  their 
extraordinary  state  of  preservation,  they  must,  evidently  have  lived,  their 
hair}'  coats  enabling  them  to  brave  an  excessive  climate,  whilst  they  found 
nourishment  in  the  birch  and  pine  forests  of  these  high  latitudes. — See 
Cuvier,  *  Ossemens  fossiles,'  article  "  Elephants  fossiles." 
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of  the  plains  in  the  middle  and  lower  parts  of  their  course  is  not 
Kufficient  to  carry  ofif  the  water,  those  immense  lakes  and  marshes 
are  formed  which  characterise  this  portion  of  Siheria. 

The  bed  of  the  Oby  is  very  deep ;  and  as  the  water  is  very  deep 
at  its  mouth,  the  largest  vessels  can  ascend  the  stream  as  high  as 
where  the  Irtish  enters  it.  Its  many  affluents  also  might  admit 
ships,  did  not  the  climate  form  an  insurmountable  obstacle  during 
the  greater  i)art  of  the  year.  Indeed,  all  Siberian  rivers  are  frozen 
annually  for  many  months,  and  even  the  ocean  along  the  Arctic 
coasts  is  rarely  disencumbered  from  ice ;  therefore  these  vast  rivers 
never  can  be  important  as  navigable  streams,  lliey  abound  in  fish 
and  water-fowl,  for  which  the  Siberian  peasant  braves  the  extremest 
severity  of  the  climate. 

Local  circumstances  have  nowhere  produced  a  greater  difiference 
in  the  human  race  than  in  the  basins  of  the  great  rivers  N.  and  8. 
of  the  table-land  of  Eastern  Asia.  The  Indian,  favoured  by  the 
finest  climate,  and  a  soil  which  produces  the  luxuries  of  life,  inter- 
sected with  rivers  navigable  at  all  seasons,  and  afifording  easy  com- 
munication with  the  surrounding  nations,  attained  early  a  high 
degree  of  civilization,  which  has  since  been  lost ;  wliile  the  Siberian 
and  Samoyede,  doomed  to  contend  with  the  rigours  of  the  polar 
blasts  in  order  to  maintain  mere  existence,  have  never  risen  be- 
yond the  lowest  grade  of  humanity ;  but  custom  softens  the  rigour 
of  this  stem  life,  so  that  even  here  a  share  of  happiness  is  en- 
joyed. 


280 


PHYSICAL  GEOGRAPHY. 


Chap.  XXI. 


CHAPTER    XXL 


AMEBICAN  AND  AU8TBALIAN  R1VEB8. 


§  1.  River-systems  of  North  America;  the  Great  Fish  River,  Coppermine, 
Mackenzie,  and  Yukon ;  the  Saskatchewan  and  Red  River ;  the  Mississippi, 
Ohio,  Missonri,  and  Arkansas ;  the  Hndson,  Delaware,  and  Susquehanna ; 
the  Oregon,  Colorado,  and  Sacramento ;  the  Eraser,  Anderson,  Thompson, 
and  Nasse.  §  2.  River-systeou  of  Central  America ;  the  Rio  Montagua, 
Blewfields,  and  San  Juan.  §  3.  River-systems  of  South  America ;  Mag- 
dalena,  Atrato,  and  Orinoco;  the  Amazon  and  its  tributaries;  the  Rio 
de  la  Plata,  Paraguay,  and  Colorado ;  the  Essequibo ;  the  Para  and  San 
Francisco,  &c    §  4.  Australian  rivers. 

§  1.  North  America  is  divided  into  four  distinct  water-systems 
by  the  Kocky  Mountains,  the  AUeghanies,  and  the  table-land  which 
contains  the  great  lakes,  and  separates  the  rivers  that  flow  into  the 
Arctic  Ocean  from  those  which  run  into  the  Gulf  of  Mexico.  This 
table-land,  which  is  a  level,  nowhere  more  than  1200  or  1500  feet 
above  the  surface  of  the  sea,  is  the  watershed  of  the  Mississippi, 
the  Mackenzie,  the  St.  Lawrence,  and  of  the  rivers  that  flow  into 
Hudson  Bay.  The  St.  Lawrence  rises  under  the  name  of  St.  Louis 
in  the  Lake  of  the  Woods  to  the  N. W.  of  Lake  Superior ;  after 
joining  the  Lakes  Superior,  Huron,  Erie,  and  Ontario,  it  issues  from 
the  last  by  the  name  of  the  Iroquois,  and,  expanding  in  its  north- 
easterly course  into  the  Lakes  of  St.  Francis,  St.  Louis,  and  St. 
Peter,  it  is  first  known  as  the  St.  Lawrence  at  Montreal,  from 
whence  it  runs  N.E.,  and  after  a  course  of  2000  miles  it  enters  the 
Atlantic  with  an  embouchure  120  miles  wide.  Its  tributaries  are 
larger  than  European  rivers,  and  several  of  those  that  fall  into  the 
Ottawa  are  greater  than  the  Thames.  The  granite  capes  and  head- 
lands on  the  gulf  are  of  striking  grandeur ;  the  boldest  and  loftiest 
part  of  this  granite  wall  is  cleft  by  an  enormous  fissure,  through 
which  the  Saguenay  flows.  The  waters  of  this  great  tributary  run 
beneath  a  perpendicular  bank,  the  river  being  in  some  places 
a  thousand  feet  deep.^    The  St.  Lawrence  has  a  basin  of  297,600 
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square  milei^  <d  wikkn  ^*»>  are  c»>T««d  vi:h  vuer.  excIi;sT«  of 
tbe  manT  )euuT  Iik<s  v-.in  vixi  :i  is  in  o*?fr. rr.  wiiica:>.'ei. 

X.  of  the  wmieisfiteii  ibere  ii  as  ^i-iless  arid  iiLiricaie  labvrinth 
of  lakes  and  riven.  al=»»  ail  olch-cc^^^  viih.  c-oe  azi-c-ihrr.  Ekit  tlie 
principal  ftreazzi^  of  uiesie  Amic  ,irji*  a:* — tiie  <3rWk;  Fish  K:Ter» 
now  called  iLe  Back  RiTtr,  wLicL  6;.w*  X.E,  in  a  <x^:::i-T:€d  s^rUw 
of  dangercms  az«i  all  b-ct  LCLpASeai^e  rapids  :o  the  Arviio  t.Ve&n  at 
Melville  Strait ;  the  CV.j^-j^n.ine  River,  vf  mcich  the  san.e  ohaiacter* 
vfaich,  after  tiaversinz  nLan y  lakes,  enters  the  lev  Sea  at  Cxv^iiatioD 
Gulf;  the  Mackeikzie  River,  a  stream  K.*i  tn^aier  iiia*m:ti:de,  fonued 
by  the  CDndceDce  oi  the  Peace  River  and  the  Athabasca  6v»m  the 
Rocky  HooDtains,  which,  after  nowinz  X.  over  iii.>!v  than  li»-  of 
latitude,  enters  the  Frozen  <>cean.  by  many  n.ouths  in  the  E^ui* 
rnanx  country  beyond  the  Arctic  Circle,  in  lat.  »>S'  50  X. ;  ami  the 
Colville,  which  enters  the  sea  in  151"  W.  looiiitude,  near  Point 
Barrow.  All  these  rivers  are  frozen  more  than  halt*  the  year,  and 
the  Mackenzie,  in  congeqoence  of  its  len:zth  and  direction  frv^m  S.  to 
N,,  is  subject  to  floods  like  the  Siberian  rivers  because  its  lower 
course  remains  frozen  for  several  hundred  miles  loni  after  the  upper 
part  has  thawed,  and  the  water,  finding  no  outlet,  fiows  over  the  ice 
and  inundates  the  plains.  The  Yukon,  or  Kwich-])ak,  is  a  mag- 
nificent river,  2000  miles  in  length,  draining  the  cimntry  to  the  ^Y• 
of  the  basin  of  the  Mackenzie.  In  its  up]ier  counso  it  is  calUxi  the 
Felly.  Xear  long.  147^  W.  it  is  joined  by  the  Porcupine  or  Rat 
River  on  its  right  bank ;  and  at  this  junction  Fort  Yukon  is  situated, 
the  most  distant  outpost  of  the  Hudson's  Bay  Comiwuy,  though  it 
is  included  in  the  territory  of  Alaska.  In  long.  158"^  W.,  the  river 
makes  a  great  bend  southward,  a  course  which  it  pursues  for  over 
200  miles.  It  then  turns  W.,  and  falls  into  Norton  Sound  by 
numerous  mouths,  of  which  the  most  northerly,  the  Aphoim,  is 
navigable,  though  all  are  blocked  up  by  ice  till  the  beginning  of 
June  and  freeze  again  in  October,  llie  Upper  Yukon,  which  haa 
been  explored  for  600  miles  above  the  junction  of  the  Porcupinoi 
runs  through  mountain  gorges ;  and  at  some  distance  l>eli>w  Fort 
Yukon,  the  heights  on  the  banks  are  known  as  the  **  Ramparts,** 
and  tower  grandly  above  the  river.  Many  islands  are  ft>nntHl  in  ita 
course,  and  it  is  in  several  places  obstructed  by  mpiils,  but  there 
are  none  which  would  prevent  the  navigation  of  the  river  during 
the  time  it  is  open,  by  such  steamers  as  are  used  on  American  rivem. 
Tlie  l)ank8  of  the  Yukon  are  in  many  places  well  wixxUnl  with  pino, 
poplar,  willow,  and  birch  ;  and  the  river  abounds  in  salmon. 

Although  the  Arctic  coast  is  so  stem,  a  magnificent  country  to 
the  S.  has  been  for  many  years  in  possession  of  the  British  empire, 
which  may  in  future  be  a  rich  and  fiourishing  colony,  but  which 
has  hitherto  only  supplied  the  Ix>ndon  market  with  fur.    It  contains 
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two  rivers  now  become  of  great  importance — the  Saskatchewan 
and  the  Red  River.  The  S.  and  N.  branches  of  the  former  have 
their  origin  in  different  arms  of  the  same  huge  glacier  in  the  Rocky 
Mountains.  The  first  part  of  the  course  of  the  southern  branch  w 
through  a  country  that  is  partly  arid,  but  the  northern  branch  flows 
through  prairies  of  great  fertility.  After  being  increased  by  large 
tributaries,  the  two  branches  unite  and  ultimately  fall  into  Lake 
Winnipeg.  The  Red  River  rises  in  Ottertail  Lake,  in  the  Minnesota 
territory  of  the  LTnited  States,  and  after  cutting  a  winding  course 
for  100  miles,  it  falls  into  the  southern  part  of  Lake  Winnipeg. 
At  intervals  for  more  than  20  miles  from  the  lake  the  farms,  stone 
houses,  and  churches  of  the  settlement  of  the  Hudson's  Bay 
Company  appear  on  its  precipitous  banks,  which  are  often  covered 
with  large  timber.  No  part  of  the  British  territory  is  of  greater 
agricultural  richness,  and  one  of  the  first  great  works  of  the  Canadian 
government  will  be  the  junction  of  this  settlement  to  Western 
Canada,  as  a  preliminary  to  the  inter-oceanic  railway. 

S.  of  the  table-land  the  valley  of  the  Mississippi  extends  for  1000 
miles,  and  this  greatest  of  North  American  rivers  has  its  origin 
in  the  junction  of  streams  from  the  small  lakes  Itaska  and  Ussawa, 
on  the  table-land  at  no  greater  height  than  1500  feet  above  the  sea. 
Before  their  junction  these  streams  frequently  spread  out  into  sheets 
of  water,  and  the  Mississippi  does  the  same  in  the  upper  part  of  its 
course.  This  river  flows  from  N.  to  S.  through  more  degrees  of 
latitude  than  any  other,  and  receives  so  many  tributaries  of  the 
higher  orders  that  it  would  be  diflScult  even  to  name  them.  Among 
those  that  swell  its  volume  from  the  Rocky  Mountains,  the  Missouri, 
the  Arkansas,  and  the  Red  River  are  the  largest,  each  being  in  itself 
a  mighty  stream,  receiving  tributaries  without  number.  Before 
their  junction  the  Missouri  is  a  river  much  superior  to  the  Missis- 
sippi both  in  length  and  volume,  and  has  many  affluents  larger  than 
the  Rhine.  It  rises  in  about  44°  N.  lat.,  and  runs  partly  in  a  longi- 
tudinal valley  of  the  Rocky  Mountains,  and  partly  at  their  foot,  and 
drains  the  whole  of  the  country  on  the  right  bank  of  the  Mississippi 
between  the  49th  and  40th  parallels  of  N.  latitude.  It  descends 
in  cataracts  through  the  mountain  regions,  and  in  the  plains  it 
sometimes  passes  through  large  prairies  and  sometimes  through 
dense  forests,  in  all  accomplishing  3000  miles  in  a  very  tortuous 
and  generally  south-eastern  direction  till  it  joins  the  Mississippi 
near  the  town  of  St.  Louis.  Lower  down,  the  Mississippi  is  joined 
by  the  Arkansas,  2000  miles  long,  with  many  tributaries,  and 
then  by  the  Red  River,  the  former  from  the  Rocky  Mountains ; 
the  latter,  which  rises  in  the  table-land  of  New  Mexico,  is  fed  by 
rivers  from  the  Sierra  del  Sacramento,  and  enters  the  main  stream 
not  far  from  the  beginning  of  the  delta,  at  the  head  of  which  the 
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Miniaidppi  sendB  ofif  a  large  branch  called  the  Atchafalaya  to  the  S., 
and  then  tiiming  to  the  E.  it  discharges  itself  by  five  mouths  at 
the  extremity  of  a  long  tongue  of  land  which  stretches  50  miles  into 
the  Gulf  of  Mexico,  having  formed  a  delta  considerably  larger  than 
that  of  the  Nile.  The  shore  is  lined  with  shallow  salt  lagcnms ;  the 
greater  part  of  the  delta  is  covered  with  water  and  unhealthy 
marshes,  the  abode  of  the  crocodile,  and  duriunc  the  floods  it  is  a 
muddy  sea.  This  river  is  navigable  for  2240  miles.  Its  valley  is 
of  variable  width,  but  at  its  greatest  breadth,  at  the  junction  of  the 
White  River,  it  is  80  miles. 

The  tributaries  from  the  Kocky  Mountains,  though  much  longer, 
run  through  countries  of  less  promise  than  those  which  are  traversed 
by  the  Ohio  and  the  other  rivers  that  flow  into  the  Mississippi  from 
the  E.,  which  offer  advantages  unrivalled  even  in  this  wonderful 
country,  only  beginning  to  be  dcvelojKHl, 

The  Ohio  is  fonneil  by  the  union  of  the  rivers  Alleghany  and 
Monongahela,  the  latter  from  the  Laurel  ridge  of  the  Alleghany 
chain  in  Virginia ;  the  former  has  its  sources  near  Lake  Erie ;  and 
the  two  unite  at  Pittsburg,  from  whence  the  river  winds  for  948 
miles  through  some  of  the  finest  states  of  the  Union,  till  its  junction 
with  the  Mi.ssissippi,  having  receivwl  many  accessories,  six  of  which 
are  navigable  streams.  There  are  some  obstacles  to  navigation  in 
the  Ohio,  but  they  have  l)een  avoided  by  canals.  Other  canals  join 
both  tlie  Mississippi  and  its  branches  with  Lake  Erie,  so  that  there 
is  an  int<*nial  water-communication  lietween  the  St.  La^Tcnce  and 
the  Gulf  of  Mexico.  The  whole  length  of  the  Mississippi  is  3160 
miles,  but,  if  the  Missouri  l>e  considered  the  main  stem,  it  is  42()5, 
and  the  joint  stream  drains  an  area  of  about  a  million  and  a  quarter 
of  Bt^uarc  miles.  'I'he  breadth  of  the  river  nowhere  corresijonds 
with  its  length.  At  the  ctmflueuce  of  the  Missouri  each  river  is 
half  a  mile  wide,  and  after  the  junction  of  the  Ohio  it  is  not  more, 
A  steamer  may  ascend  the  Mississippi  for  2000  miles  from  Balize 
without  any  perceptible  ditVerence  in  its  breadth.  The  depth  islCB 
feet  where  it  enters  the  Gulf  of  Mexico  at  New  Orleans :  the  fall  of 
the  river  at  (^aiKJ  Giranleau  is  four  inches  in  a  mile.  This  river  is 
a  rapid  desolating  torrent  loaded  with  mud :  its  violent  floods,  from 
the  melting  of  the  snow  in  the  high  latitudes,  sweep  away  whole 
forests,  by  which  the  navigation  is  rendered  very  dangerous  at 
times,  and  the  trees  U^ing  matted  together  in  masses  many  yards 
thick,  are  carried  dt>wn  by  the  spring  floods,  and  de]X)sited  over  the 
delta  and  Gulf  of  Mexico  for  hundre«ls  of  square  miles. 

North  America  can  Ixwist  of  two  other  great  water-systems, 
one  from  the  eastern  declivity  of  the  Alleghanies,  which  flows  into 
the  Atlantic,  and  auotiier  from  the  western  side  of  the  Ilocky 
Mountains,  which  runs  into  the  Pacific. 
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All  the  streams  that  flow  eastward  through  the  United  States 
to  the  Atlantic  ara  short,  and  of  comparatively  small  volume,  but 
of  the  highest  utility,  because  many  of  them  end  in  gulfs  or  estu- 
aries, and  the  whole  are  so  united  by  canals  that  there  are  few 
places  which  are  inaccessible  by  water— one  of  the  greatest  advan- 
tages a  country  can  possess.  I'here  are  at  least  24  great  canals  in 
the  United  States,  the  length  of  which  is  3101  miles.  This  is  an 
important  addition  to  the  already  great  extent  of  inland  navigation 
furnished  by  the  rivers. 

Many  of  the  streams  which  fall  into  the  Atlantic  rise  in  the 
western  ridges  of  the  Alleghany  chain,  and  traverse  its  longitudinal 
valleys  before  leaving  the  mountains  to  cross  the  Atlantic  slope, 
which  terminates  in  a  precipitous  ledge  for  300  miles  parallel  to 
the  range.  By  falling  over  this  rocky  barrier  in  long  rapids  and 
picturesque  cascades,  they  afford  an  enormous  and  extensive  water- 
power;  and  as  the  rivers  are  navigable  from  the  Atlantic  quite 
across  the  maritime  plains,  these  two  circumstances  have  deter- 
mined the  location  of  most  of  the  principal  cities  of  the  United 
States  at  the  foot  of  this  rocky  ledge,  which,  though  not  more  than 
300  feet  high,  has  had  a  greater  influence  on  the  political  and  commer- 
cial interests  of  the  Union  than  the  highest  chains  of  mountains 
have  had  in  other  countries.  The  Hudson  in  the  N.  is  navigable 
to  Albany;  the  Delaware  and  Susquehanna,  ending  in  bays,  are 
important  rivers ;  and  .the  Potomac,  which  falls  into  Chesapeake 
Bay,  passes  by  Washington,  the  capital  of  the  United  States,  to 
which  the  largest  ships  can  ascend. 

The  watershed  of  the  Kocky  Mountains  lies  at  a  greater  distance 
from  the  Pacific  than  that  of  the  Alleghanies  from  the  Atlantic ; 
consequently  the  rivers  are  longer,  but  they  are  few,  and  were  little 
known  till  they  were  discovered  to  be  so  rich  in  gold.  The  Fraser, 
and  its  tributaries,  the  Anderson  and  Thompson,  in  British  Columbia, 
are  highly  auriferous,  and  there  is  every  reason  to  believe  that  the 
Nasse  is  equally  so.  It  is  more  to  the  N.,  and  flows  between  im- 
mense mountains,  whose  summits  are  covered  with  perpetual  snow, 
and  through  a  country  which,  like  the  whole  of  the  N.W.  coast  of 
British  Columbia,  is  one  long  continuous  formation  of  slate  with 
frequent  veins  of  crystallized  quartz,  and,  at  intervals,  indications 
of  ancient  volcanic  action ;  the  miners  believe  the  whole  district  to 
be  highly  auriferous.  About  110  miles  from  Fort  Simpson  the 
Nasse  makes  a  rectangular  turn,  falling  at  the  rate  of  10  or  12  feet 
in  a  mile :  the  water  rushes  furiously,  forming  below  the  angle  a 
whirlpool  300  feet  in  circumference,  upon  the  outer  edge  of  which 
the  waters  boil  up  from  beneath  as  from  a  caldron,  raising  the 
level  of  the  current  several  feet,  and  then  bursting  with  a  fury  that 
carries  everything  before  it;  and  about  three  miles  lower  down 
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the  river  fonns  a  regular  cascade,  and  falls  into  the  Pacific  in 
64°40'N. 

Only  patches  of  land  are  fit  for  cultivation,  l>ut  80  miles  from  the 
mouth  of  the  river  the  Indians  plant  great  crops  of  potatoes,  so  that 
a  mining  establishment  might  be  supplied  with  food. 

ITie  peculiar  nature  of  that  part  of  the  watershed  of  the  Rocky 
Mountains  that  belongs  to  British  Columbia  was  first  brought  into 
notice  by  Mr.  John  Ball.  "  Excei)t  in  the  Carpathian  chain,  we 
have  nowhere  in  the  Old  World  anything  exactly  like  it.  The  rivers 
seem  to  pass  acro.Hs  the  axis  of  greatest  elevation.  The  two  main 
Inanches  of  the  Saskatchewan  River  pass  to  the  westward  of  the 
highest  mountains  in  the  chain,  I^Tount  Murchison  and  Mount 
Hooker;  and  on  the  western  side  of  the  chain  we  have  tiiis  extraor- 
dinary foct — ^two  rivers  flowing  jmrallcl  to  each  other,  a  few  miles 
apart,  for  a  long  distance,  the  Columbia  and  the  Kutanie,  one 
running  to  the  N.W.  and  the  other  to  the  S.K.  It  is  one  of  the 
most  singular  facts  in  physical  geography."  The  largest  of  the 
rivers  W.  of  the  Rocky  Mountains  are  the  Oregon  or  Columbia, 
and  the  Rio  Colorado.  The  former  has  its  sources  not  far  from 
those  of  the  Missouri  and  of  the  Rio  del  Norte;  and  after  an 
exceedingly  tortuous  course,  in  which  it  receives  many  tributaries, 
it  (alls  into  the  Pacific  at  Astoria.  The  Colorado  comes  from  the 
Sierra  Verde,  and  falls  into  the  Gulf  of  California.  It  is  fonned  by 
the  junction  of  the  Green  and  Grand  Rivers,  and  receives  numerous 
tributaries,  of  which  the  ^^an  Juau,  the  Colorado  Chiijuito,  and  the 
Gila  are  the  chief.  The  basin  of  the  (!oloradt)  has  an  area  of  liO(),000 
square  miles,  and  is  bounded  on  the  E.  by  the  Sierra  Madre  of 
New  Mexico,  and  on  the  N.W.  })V  the  Wahsatoh  Mountains.  It  is 
of  a  triangular  shajie,  and  consists  of  successive  table-lauds  of  from 
40X)  to  7O!)0  or  even  8000  feet  in  elevation,  having  abrupt  edges 
and  l)arren  surfaces.  Tli rough  these  table-lands  the  Colorado  and 
its  tributaries  have  worn  deep  and  remarkable  gorges,  called  cafions, 
the  largest  of  which  is  the  great  cafion  of  the  Colorado,  which  has  a 
length  of  3<X)  miles.  The  sides  of  this  gorge  rise  from  IfXX)  feet  to 
nearly  a  mile  in  j)eriK.Midicular  height.  The  ])arts  of  the  table-land 
which  are  traversed  by  these  cafions  are  kirren,  as  all  the  water 
flows  away  in  the  deep  valleys,  and  tributary  streams  come  to  the 
chief  river  through  tributary  canons.^ 

*  The  won!  cafinn  i.s  used  to  express  the  cleft«  thron<;h  which  many  of 
the  rivers  of  the  we.st  of  Aniericft  flow  for  long  distauoes.  Sometimes  the 
t«rm  irt  applied  to  a  moantain-p;oi'ge,  as  the  cafion  of  the  Fi'nser  in  Britinh 
Columbia,  and  Kometimes  to  8uch  a  j;orge  as  that  de^criLel  us  (H-rurring  in 
the  <'ourse  of  the  Colorado.  In  every  cane,  canons  are  the  result  of  the 
erodiuii;  action  of  the  river,  and  no  rocks,  however  hard,  are  found  cajmble 
of  resisting  it. 
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The  Wahsatch  Mountains,  which  have  a  breadth  of  60  miles, 
separate  the  Colorado  basin  from  what  is  called  the  Great  Basin, 
which  lies  W.  and  N.W.  of  the  range,  and  has  an  area  of  280,000 
square  miles.  This  is  watered  by  numerous  small  streams  which 
flow  into  salt  lakes.  The  Humboldt  is  one  of  the  larj^est  of  the 
rivers  found  in  the  Great  Basin ;  and  the  Great  Salt  Lake,  near 
which  is  the  Mormon  settlement,  is  one  of  the  chief  lakes.  The 
Sacramento  with  its  tributaries,  a  Califomian  stream,  lies  W.  of  the 
Sierra  Nevada,  and  flows  through  an  extensive  and  rich  auriferous 
country  in  its  course  to  the  Bay  of  San  Francisco  on  the  Pacific. 

On  the  table-land  of  Mexico  there  is  a  basin  of  continental  streams, 
which,  rising  from  springs  on  the  eastern  side  of  the  Sierra  Madre, 
and  fed  by  the  periodical  rains,  flow  northward,  and  terminate  in 
lakes,  which  part  with  their  superfluous  water  by  evaporation.  Of 
these  the  Rio  Grande,  which,  after  a  course  of  300  miles,  falls  into 
the  Parras,  is  the  greatest. 

The  largest  river  in  the  isthmus  of  Mexico  is  the  Rio  Tololatlan, 
or  Rio  Grande  di  Santiago,  which  rises  on  the  table-land  of  Toluca, 
forms  numerous  cascades,  and  falls  into  the  Pacific  after  a  course 
of  400  miles.  The  river  of  Goatzacoaloos,  which  traverses  the  isthmus 
nearly  from  sea  to  sea,  emptying  itself  into  the  Gulf  of  Mexico,  has 
by  some  been  considered  as  the  best  point  for  a  sea-canal  between 
the  two  oceans. 

§  2.  There  are  many  streams  in  Central  America,  and  above  ten 
rivers  that  are  navigable  for  some  miles ;  six  of  these  fall  into  the 
Gulf  of  Mexico  and  Caribbean  Sea,  and  four  into  the  Pacific.  Of 
these  are  the  Rio  Montagua,  which,  rising  in  the  mountains  near 
Guatemala,  flows  into  the  Gulf  of  Honduras,  and  the  Blewfields 
River,  the  greater  part  of  whose  course  is  in  the  Mosquito  territory. 

Li  the  southern  part  of  the  State  of  Guatemala  is  situated  the 
river  of  San  Juan,  which  drains  the  lakes  of  Nicaragua  and  Leon, 
and  by  which  it  is  supposed  a  water-commimication  could  be  easily 
effected  between  the  Atlantic  and  the  Pacific. 

§  3.  The  Andes,  the  extensive  watershed  of  South  America,  are 
80  close  to  the  sea,  that  there  are  no  rivers  of  considerable  size 
which  empty  themselves  into  the  Pacific ;  even  some  of  the  streams 
that  rise  in  the  western  Cordilleras  find  their  way  to  the  eastern 
plains. 

The  Magdalena,  at  the  northern  end  of  the  Andes,  though  a 
secondary  river  in  America,  is  620  miles  long.  It  rises  in  the 
central  chain,  at  the  divergence  of  the  Cordilleras  of  Suma  Paz  and 
Quindiu,  and  enters  the  Caribbean  Sea  by  various  channels :  it  is 
navigable  as  far  as  Honda.  The  Cauca,  its  only  feeder  on  the  W., 
comes  from  Popayan,  and  is  nearly  as  large  as  its  primary,  to  which 
it  runs  parallel  the  greater  part  of  its  course.     Many  streams  join 
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the  Ma^jdalena  on  the  right,  as  the  stream  which  waters  the  elevated 
|dain  of  Bogota,  and  forms  the  cataract  of  Tequcudama,  one  of  the 
most  beautiful  and  wildest  scenes  in  the  Andes.  The  latter  river 
rushes  through  a  chasm  30  feet  wide,  which  api^ars  to  have  been 
formed  by  an  earthquake,  and  at  a  double  bound  descends  530  feet 
into  a  dark  gloomy  pool,  illuminated  only  at  noon  by  a  few  feeble 
isjrs.  A  dense  cloud  of  vapour  ritting  from  it  is  visible  at  the  dis- 
tance of  15  miles.  At  the  top  the  vegetation  is  that  of  a  temperate 
climate,  while  palms  grow  at  the  bottom. 

The  river  Atoito,  |>arallel  to  the  Cauca  and  Magdalena,  but  less 
considerable,  empties  itself  into  the  Gulf  of  Darien.  The  rivers  of 
Fatia,  of  San  Suan,  of  Las  Esmeraldas,  and  of  Guayntiuil,  all  rise 
on  the  western  declivity  of  the  Andes  to  tlc^w  into  the  Pacific.  With 
these  exceptions  all  the  water  from  the  inexhaiLstible  sources  of  the 
Andes  N.  of  Chile  is  poured  into  the  Orinoco,  the  river  Amazon, 
and  the  Rio  de  la  Plata,  which  convey  it  across  the  continent  to 
the  Atlantic.  In  the  far  south,  indeed,  there  are  the  Colom<lo  and 
Rio  Negro,  but  they  are  insignificant  when  comi«ired  with  the 
three  giant  floods  above  named. 

The  basins  of  these  three  rivers  are  separated  in  tlicir  lower  parts 
by  the  mountains  and  highlands  of  Guiana  and  Brazil ;  but  the 
upper  parts  of  the  Ijasins  of  all  three  form  an  extensive  level,  and 
are  only  divided  from  one  another  by  imix?rceptible  elevations  in 
the  plains,  barely  sufficient  to  form  the  watersheds  between  the 
tributaries  of  these  majestic  rivers.  This  ^wculiar  structure  is  the 
cause  of  the  natural  canal  of  the  Cassiquiare,  which  joins  the  Upper 
Orinoco  with  the  Rio  Negro,  a  princij^l  affluent  of  the  Amazon. 
Ages  hence,  when  the  wilds  are  inhabited  by  civilized  man,  the 
tributaries  of  these  three  great  rivers,  many  of  which  are  navigable 
to  the  foot  of  the  Andes,  will,  by  means  of  canals,  form  a  water- 
system  infinitely  sui)erior  to  any  that  now  exists. 

The  Orinoco  rises  in  the  Sierra  del  Parima,  2(»  miles  E.  of  the 
elevated  Peak  of  I)ui<la,  and  maintains  a  west<»rly  course  to  San 
Feniando  de  Atabajx),  where  it  receives  the  Atabajn),  and  Chiaviare, 
which  is  larger  than  the  Danulw;  here  emb*  the  I.' pi)er  Orinoco. 
The  river  then  forces  a  passage  through  the  Sierra  del  Parima,  and 
runs  due  N.  for  three  degrees  of  latitude,  Ix^tween  Iwinks  almost 
inaccessible  ;  its  lH?d  is  traversed  by  dykes,  and  filled  with  lioulders 
of  granite  and  islands  clothed  with  a  great  variety  of  magnificent 
IKilm-trees.  Liirge  ^xjrtionsof  the  river  are  here  engulfed  in  crevices, 
fonning  subterranean  cascatles ;  in  this  portion  are  the  celebrated 
falls  of  the  Atures  and  Apures,  36  miles  a])art,  which  are  heard  at 
the  distance  of  many  miles.  At  the  end  of  this  tumultuous  part  of 
its  course  it  .is  joined  by  the  Meta,  and  farther  N.  by  the  Apure, 
two  very  large  rivers,  which  drain  the  whole  eastern  side  of  the 
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Andes  in  an  extent  of  10  degrees  of  latitude ;  it  then  runs  eastward  to 
its  mouth,  where  it  forms  an  extensive  delta,  and  enters  the  Atlantic 
by  many  channels.  As  the  Upper  Orinoco  runs  W.,  and  the 
Lower  Orinoco  E.,  it  makes  a  complete  circuit  round  the  Parima 
mountain  system,  so  that  its  mouth  is  only  two  degrees  distant 
from  the  meridian  of  its  sources. 

The  Cassiquiare  leaves  the  Orinoco  near  the  S.  base  of  the  Peak 
of  Duida,  and  joins  the  Rio  Negro,  a  chief  tributary  of  the  Amazon, 
at  the  distance  of  180  miles. 

The  Orinoco  is  navigable  for  1000  miles  at  all  times  of  the  year  ; 
a  fleet  might  ascend  it  from  the  Dragon's  Mouth  to  within  45  miles 
of  Santa  F^  de  Bogota.  It  receives  many  navigable  rivers,  of  which 
the  Guaviare,  the  Atures,  and  the  Meta  are  each  larger  than  the 
Danube.  The  Meta  may  be  ascended  to  the  foot  of  the  Andes ;  its 
mean  depth  is  36  feet,  and  in  many  places  80  or  90.  It  rises  at  so 
great  an  elevation  in  the  Andes  that  Humboldt  says  the  vegetable 
productions  at  its  source  differ  as  much  from  those  at  its  confluence 
with  the  Orinoco,  though  in  the  same  latitude,  as  the  vegetation  of 
France  does  from  that  of  Senegal.  The  larger  feeders  of  the  Orinoco 
come  from  the  Andes,  though  many  descend  to  it  from  both  sides 
of  the  Parima,  in  consequence  of  its  long  circuit  among  these  low 
moimtains. 

The  basin  of  the  Orinoco  has  an  area  of  300,000  square  miles,  of 
which  the  upper  part  is  one  impenetrable  forest ;  the  lower  consists 
of  those  extensive  plains  called  Llanos. 

The  floods  of  the  Orinoco,  like  those  of  all  rivers  entirely  within 
the  torrid  zone,  are  very  regular,  and  attain  their  height  nearly  at 
the  same  time  with  those  of  the  Ganges,  the  Niger,  and  the  Gambia. 
They  commence  rising  about  the  25th  of  March,  arrive  at  their 
greatest  height,  and  begin  to  decrease,  about  the  25th  of  August. 
The  inundations  are  very  great,  owing  to  the  quantity  of  rain  that 
falls  in  the  regions  close  to  the  Andes,  which  is  said  to  exceed  1000 
inches  in  a  year. 

Below  the  confluence  of  the  Apure  the  river  is  three  miles  and  a 
quarter  broad,  but  during  the  floods  it  is  three  times  as  much.  By 
the  confluence  of  four  of  its  greatest  tributaries  at  the  point  at  which 
it  bends  to  the  E.,  a  low  inland  delta  is  formed,  in  consequence 
of  which  3600  square  miles  of  the  plain  are  under  water  during  the 
inundations. 

Upper  Peru  is  the  cradle  of  the  Amazon,  the  greatest  of  rivers, 
which  drains  the  chain  of  the  Andes  from  the  equator  to  the  20th 
parallel  of  southern  latitude.  Its  highest  branch,  which  bears  the 
name  of  Maraiion,  issues  in  two  streams  from  the  lake  of  Lauricocha 
in  the  plain  of  Bombon,  at  a  great  elevation  in  the  Andes  32  leai^xies 
N.W.  from  the  city  of  Lima :  it  runs  in  a  deep  longitudinal  valley 
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from  S.  to  N.,  till  it  bursts  through  the  eastern  ridge  at  the  Pongo 
de  Manseriche,  near  the  town  of  San  Borja,  from  whence  it  follows 
an  uniform  eastern  course  of  more  than  3000  miles,  including  its 
windings,  till  it  reaches  the  Atlantic.  W.  of  San  Borja,  and  on 
its  southern  bank,  it  receives  the  Huallaga  and  Yucayali,  the  latter 
a  river  of  great  size,  which  rises  in  the  Andes  of  Vilcafiota,  S.  of 
CuzcOf  where  its  source  was  visited  and  its  position  determined  by 
Mr.  Pentland  in  1838.  The  river  Amazon  is  supposed  to  drain 
an  area  of  two  millions  and  a  half  of  square  miles,  which  is  ten 
times  the  area  of  France.  In  some  places  it  has  a  great  depth ;  it  is 
navigable  by  its  tributary  the  Yucayali  as  far  as  3600  miles  from 
its  mouth,  where  it  is  96  miles  wide. 

The  name  of  the  river  is  three  times  changed  in  its  course :  it 
is  known  as  the  Marafion  from  its  source  to  the  Brazilian  frontier ; 
from  that  ix)int  to  its  junction  with  the  Hio  Negro  it  is  called  the 
Jx>limoes ;  and  from  the  lUo  Negro  till  it  enters  the  ocean  it  is 
the  river  Amazon. 

The  number,  length,  and  volume  of  its  tributaries  are  in  pro- 
IX)rtion  to  its  magnitude;  even  the  affluents  of  its  affluents  are 
noble  streams.  More  than  20  8Ui>erb  rivers,  1000  miles  and  up- 
wards in  length,  pour  their  waters  into  it,  and  streams  of  less 
importance  are  numberless.  Two  of  the  largest  are  the  Huallaga 
and  the  Yucayali :  the  former  has  its  origin  near  the  mining 
district  of  Pasco,  and  after  a  long  northern  course  between  the 
Cordilleras  it  breaks  through  a  gorge  similar  to  that  of  Manseriche 
and  joins  the  Maranon  in  the  plains ;  it  is  almost  a  mile  broad 
above  its  junction.  The  Spanish  governor  of  Peru  sent  Pedro  de 
Orsua  down  this  river  in  the  year  1560  to  search  for  the  lake  of 
Parima  and  the  city  of  E\  Dorado.  The  Yucayali,  not  inferior  to 
tlie  Marafion  itself,  is  considered  by  some  eminent  geographers  to  be 
the  trunk-stream  of  this  colossal  river-system.  In  a  course  of  1200 
miles  it  is  fed  by  tributaries  from  a  wide  extent  of  country,  and  at 
its  junction  with  the  main  stream,  near  the  mission  of  San  Joaquim 
de  Omaguas,  a  line  of  50  fathoms  does  not  reach  the  bottom,  and  in 
breadth  it  is  more  like  a  sea  than  a  river.  By  this  stream  and  its 
western  tributary,  the  Pachitea,  there  is  access  to  Southern  Peru 
within  200  miles  of  Lima,  and  there  is  communication  between 
the  Amazon  and  the  most  distant  regions  around  by  other  navigable 
feeders.  It  is  only  recently,  through  the  enterprise  of  a  private 
Knglish  gentleman,  Mr.  W.  Chandless,  that  anything  has  been 
made  known  of  the  rivers  that  empty  themselves  into  the  Amazon 
on  its  southern  Iwmk,  between  the  Yucayali  and  the  Madeira ;  one 
of  the  princijml  is  the  Purus,  a  noble  river,  1880  miles  in  length ;  it 
ri.ses  in  the  forest-plains  E.  of  the  Yucuyali,  and  not  in  the  Andes, 
at  an  elevation  of  about  1100  feet  only.     It  flows,  throughout  the 
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whole  of  its  long  winding  course,  through  a  plain  of  extreme  fertility 
covered  with  an  uninterrupted  forest,  and  is  navigable  by  steamers 
for  about  1000  miles.  The  Madeira,  which  is  the  greatest  affluent 
of  the  Amazon,  and  nearly  2000  miles  in  length,  rises  near  the 
sources  of  the  Paraguay,  the  principal  tributary  of  the  Kio  de  la 
Plata.  The  Amazon  is  not  less  extensively  connected  on  the  N. 
The  high  lands  of  Colombia  are  accessible  by  the  Putumayo,  the 
Japurd,  and  other  great  navigable  rivers ;  the  Rio  Negro,  several 
miles  broad  a  little  way  above  its  junction  with  the  Amazon, 
connects  it  with  the  Orinoco  by  the  Cassiquiare ;  and  lastly,  the 
sources  of  the  Rio  Branco  approach  very  near  to  those  of  the 
Essequibo,  an  independent  river  of  Demerara. 

The  main  stream,  from  its  mouth  nearly  throughout  its  lencrth, 
is  full  of  islands,  and  most  of  its  tributaries  have  deltas  at  their 
junction  with  it.  1'he  annual  floods  of  the  Amazon  are  less  regular 
than  those  of  the  Orinoco,  and,  as  the  two  rivers  are  on  opposite 
sides  of  the  equator,  they  occur  at  dififerent  seasons.  The  Amazon 
begins  to  rise  in  November,  is  at  its  greatest  height  in  the  beginning 
of  June,  and  its  least  in  September  and  October.  The  Amazon 
separates  into  two  branches  at  its  mouth,  of  which  one  joins,  by 
several  long  and  very  narrow  channels,  the  Park  S.  of  the  island  of 
Marajo ;  the  other  enters  the  ocean  to  the  N.  of  it. 

The  water  of  some  of  the  rivers  in  equatorial  America  is  whitish ; 
in  others  it  is  of  a  deep  cofifee-coiour,  or  dark  green  when  seen  in 
the  shade,  but  perfectly  transparent,  and,  when  ruffled  by  a  breeze, 
of  a  vivid  green,  like  some  of  the  Swiss  lakes.  In  Scotland  the 
brown  waters  derive  their  colour  from  peat-mosses ;  but  it  is  not 
so  in  America,  since  they  occur  as  often  in  forests  as  in  savannahs. 
Sir  Robert  Schomburgk  thinks  they  are  coloured  by  ores  of  iron 
imbedded  in  the  granite  over  which  they  flow ;  however,  the  colour- 
ing matter  has  not  been  chemically  ascertained.  The  Orinoco  and 
the  Cassiquiare  are  milky ;  the  Rio  Negro,  as  its  name  implies,  is 
black,  yet  the  water  does  not  stain  the  rocks,  which  in  some  places 
are  of  a  dazzling  white. 

The  Rio  de  la  Plata  forms  the  third  great  river-system  of  South 
America.  The  Rio  Grande,  its  principal  stream,  rises  in  the  moun- 
tains of  Minas  Gcraes,  in  Brazil,  and  runs  500  miles  on  the  table- 
land from  N.  to  S.  before  it  takes  the  name  of  Parana.  For  more 
than  100  miles  it  is  a  continued  series  of  cataracts  and  rapids,  the 
greatest  of  which,  the  Salto  Grande,  is  in  about  lat.  24°  5'.  Above 
the  fall  the  river  is  three  miles  broad,  when  all  at  once  it  is  con- 
tracted in  a  rocky  pass  only  60  yards  wide,  through  which  it  rushes 
over  a  ledge  with  thundering  noise,  heard  at  the  distance  of  many 
miles.  The  Parank  receives  three  large  rivers  on  the  right — the 
Paraguay,  the  Pilcomayo,  and  the  Vermejo;  all  trend  to  the  S.E., 
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and  unite  at  different  distances  before  entering  their  primary  at 
Comentes.  The  Paraguay,  1200  miles  long,  is  the  largest  of 
the  three :  in  its  upper  part  it  is  singularly  picturesque, 
adorned  with  palms  and  other  tropical  vegetation ;  its  islands  are 
covered  with  orange-groves.  It  springs  from  a  chain  of  seven 
lakes,  on  the  southern  slopes  of  the  Campos  Parecis,  in  Brazil,  and 
may  be  ascended  by  vessels  of  considerable  burthen  through  19®  of 
latitude.  The  Pilcomayo  and  Vermejo  both  come  from  Bolivia, 
and  both  traverse  the  Gran  Chaco,  inhabited  by  savage  tribes ;  the 
former  joining  the  Paraguay  opposite  Asuncion,  and  the  latter  near 
Pillar.  The  Salado,  which  runs  into  the  Parank,  might  be  rendered 
navigable  as  far  as  the  province  of  Salta ;  it  would  open  an  exten- 
sive country  to  commerce.  At  Rosario  the  Parana  turns  eastward 
to  form  the  Plata  proper,  and  before  entering  the  Atlantic  is  augr 
mented  by  the  Uruguay  from  the  N. 

The  Bio  de  la  Plata  is  2700  miles  long,  and  for  200  miles  from 
its  mouth,  up  to  Buenos  Ayres,  it  is  more  like  a  great  sea  estuary 
than  a  river,  being  never  less  than  170  miles  broad.  Were  it  not 
for  the  freshness  of  its  water,  it  might  be  mistaken  for  the  ocean : 
it  is,  however,  shallow  and  loaded  with  mud,  which  discolours  the 
Atlantic  for  200  miles  from  its  mouth. 

The  Paraguay  is  subject  to  great  floods,  which  carry  destruction 
and  desolation  with  them.  The  atmosphere  at  times  is  jwisoned 
by  the  putrid  carcases  of  drowned  animals  brought  down  by  it. 
The  ordinary  annual  inundations  of  the  Parank,  the  principal  or 
upper  branch  of  the  Plata,  cover  36,000  square  miles. 

The  Colorado,  which  runs  in  a  long  shallow  stream  through  the 
Pampas  of  Buenos  Ayres,  is  formed  of  two  principal  branches,  one 
from  the  W.  and  the  other  from  the  N.,  which  unite  at  a  great 
distance  from  the  Atlantic,  into  which  the  river  flows. 

The  Rio  Negro  rises  at  a  great  elevation  on  the  western  declivity 
of  the  Andes,  and  separates  the  PamjMis  from  Patagonia.  In  its 
long  course  through  arid  deserts  to  the  Atlantic  it  docs  not  receive 
a  single  tributary,  but  it  forms  a  communication  between  that 
ocean  and  Chile,  as  it  reaches  a  pass  in  the  Andes  that  is  free  from 
snow.  There  is  some  vegetation  in  its  immediate  ncighlx)urhood ; 
it  has  a  l)ar  at  its  mouth,  and  is  navigable  only  for  four  miles 
above  Carmen;  it  has  poriotiical  floods  twice  in  the  year,  one 
produced  by  the  rains,  the  other  by  the  melting  of  the  snow  in  the 
Andes. 

There  are  various  rivers  in  South  America,  unconnected  with 
those  described,  which  in  any  other  country  would  be  esteemed  of 
a  high  order.  Of  many  which  descend  from  the  high  country  of 
Guiana,  the  Essequibo  is  the  largest ;  its  general  width  is  a  mile 
and  a  quarter ;  its  water,  though  black,  is  clear ;  and  on  its  banks, 
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and  those  of  all  its  tributaries,  the  forest  reigns  in  imi)enetrable 
thickness.  It  rises  in  the  Sierra  Acaray,  which  separates  its  Iwisin 
from  that  of  the  Amazon,  and,  after  a  northerly  course,  falls  into 
the  Atlantic  near  7°  N.  lat.  by  an  outlet  14  miles  broad,  separate<l 
by  three  low  islands  into  four  branches.  Sir  Kobert  Schomburgk, 
whose  journeys  have  made  us  acquainted  with  a  country  of  which  so 
little  was  known,  has  shown  that,  by  cutting  a  canal  three  miles  lon«: 
between  the  Madeira  and  the  Guapore,  an  affluent  of  the  Mamore, 
an  inland  navigation  might  be  opened  from  Demerara  to  Buenos 
Ayres,  over  an  extent  of  42°  of  latitude,  with  the  exception  of  a 
portaji^e  of  only  800  yards  in  the  rainy  season  between  Lake  Amucu 
and  the  Quatata,  a  branch  of  the  Bupununi,  which  flows  into  the 
Essequibo.  **If,**  says  the  distinguished  traveller  already  men- 
tioned, "  British  Guiana  did  not  possess  the  fertility  which  is  such 
a  distingu'shing  feature,  this  water-commimication  alone  would 
render  it  of  vast  importance ;  but,  blessed  as  it  is  with  abundant 
fruitfulness,  this  extensive  inland  navigation  heightens  its  value  as 
a  British  colony ;  and,  if  emigration  sufficient  to  make  its  resources 
available  were  properly  directed  thither,  the  port  of  Demerara 
would  rival  any  in  the  vast  continent  of  South  America."  It  is 
certainly  remarkable  that  the  tide  of  emigration  has  never  set 
towards  a  country  of  such  promise,  abounding  in  valuable  natural 
productions,  and  so  much  nearer  to  Great  Britain  than  her  colonies 
in  the  Pacific. 

The  Park  and  Sio  Francisco  are  the  chief  rivers  of  Brazil :  l»oth 
rise  on  the  table-land ;  the  Park  is  formed  by  the  Tocantins  and  nume- 
rous other  rivers  flowing  from  the  S.  The  Tocantins,  descendino; 
from  the  hip;hlands  in  rapids  in  its  northerl)'  course,  after  running 
1500  miles,  is  joined  by  the  southern  branch  of  the  Amazon  before 
entering  the  Atlantic  as  the  Park,  S.  of  the  island  of  Marajo.  The 
Sao  Francisco  is  1814  miles  long ;  it  rises  in  the  Serra  da  Canastra, 
the  central  platform  of  the  province  of  Minas  Geraes,  and,  after 
running  north wanl  between  mountain  ranges  parallel  to  the  coast, 
it  breaks  through  them,  and  reaches  the  ocean  about  10°  50'  S. 
lat.  The  principal  stream  bursts  from  the  gap  of  a  perpendicular 
rock,  more  than  1000  feet  high.  Its  early  course,  when  it  is  little 
more  than  a  mountain-torrent,  is  eastward.  It  then  flows  N.,  with 
the  Serra  Grande  or  Espinha^o  on  the  E.,  and  the  Mata  da  Corda 
as  the  western  wall  of  its  valley  ;  at  the  end  of  its  course  its  direc- 
tion is  south-easterly.  It  receives  several  tributaries,  the  chief  of 
which  is  the  Rio  das  Velhas,  in  whose  valley  are  the  principal  gold 
mines  of  Minas  Geraes.  Its  course  is  in  several  places  obstructed 
by  rapids,  and  about  180  miles  above  its  mouth  occur  the  Great 
Itapids  and  Waterfall  of  Paulo  Aflbnso,  recently  visited  and  de- 
scribed by  Captain  Burton.     Above  and  below  the  fall  about  75 
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miles  are  unnavigable.  Above  the  fall  occur  the  rapids  of  the 
Itaparfca,  where  the  waters,  "  spuming  and  whirling  from  the  prison 
walls  of  iron,  rush  roaring  into  one  another's  anns ;  all  is  dark  and 
lurid  as  a  river  of  the  *  Inferno.'"  The  Paulo  Afifonso  is  very  grand. 
At  the  principal  cataract,  the  gorge  is  260  feet  deep,  and  in  the 
narrowest  part  choked  to  a  minimum  breadth  of  51  feet.  The 
height  of  the  Great  Cataract  is  192  feet ;  but  the  Paulo  Affonso  is 
really  a*  succession  of  rapids  and  caldrons,  ending  in  a  mighty  fall, 
whose  "thunder"  is  heard  at  some  miles  distant.  The  fall  plunges 
into  a  ravine  whose  black  sides,  from  570  to  250  feet  high,  wall  in 
the  stream  for  42  geographical  miles  below  the  cataract  The  river 
is  not  continuously  navigable,  though  steamers  ])ly  on  the  lower 
Rio  de  Sao  Francisco,  and  many  ix)rtions  of  the  up])er  part  mijrht 
be  rendered  navigable  without  much  difficulty.  The  river  valley  is 
very  fertile ;  **  here  the  sugar-cane  and  the  pine-apple  may  be  seen 
by  a  spectator,  standing  in  the  barley-field  and  the  |)otato-patch." 
Cattle,  sheep,  and  goats  are  easily  reared  in  the  u])lands.  Silk  and 
cotton  are  produced.  Of  minerals  are  found  diamonds,  agates,  gold, 
iron,  platina,  lead,  mercury,  copper,  antimony,  &c.,  and  many 
building  stones.  Salt,  saltpetre,  sulphur,  and  alum  are  found  in 
large  deposits.  All  the  vegetables  of  temperate  and  sub-tropical 
regions  will  grow  in  the  valley;  and  timber  and  dye-woods  are 
abundant.  The  country  is  very  fit  to  receive  emigrants.  As  in 
the  Appalachian  chain,  so  here,  many  rivers  cross  the  edge  of  the 
table-land  to  the  level  maritime  plains  of  the  Atlantic. 

The  historical  renown  and  the  high  civilization  of  Asia  and 
Europe,  their  great  wealth  and  population,  may  l>e  attributed  in 
a  very  great  degree  to  the  facility  of  trans])ort  afforded  by  their 
admirable  river-systems,  and  still  more  to  the  genius  of  the  people 
who  knew  how  to  avail  themselves  of  them ;  the  same  may  be 
said  of  the  inhabitants  of  the  United  States  of  America — while  the 
Indians  of  both  the  American  continents,  who  have  possessed  these 
countries  for  ages,  never  took  advantage  of  the  noble  streams  with 
which  Providence  had  enriched  and  embellished  their  country,  it 
being  left  to  the  Anglo-Saxon  race  to  make  them  one  of  the  great 
sources  of  unparalleled  prosperity. 

RIVERS  OF   AUSTRALIA. 

§  4.  After  America,  the  land  of  the  river  and  the  flood,  Australia 
appears  in  more  than  its  usual  aridity.  The  absence  of  large  pe- 
rennial rivers  is  one  of  the  greatest  imi>ediment8  to  the  improve- 
ment of  this  continent. 

The  streams  from  the  mountains  on  the  eastern  side  of  the  conti- 
nent are  mere  torrents,  and  would  have  short  courses  did  they  not 
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run  in  longitudinal  valleys ;  the  Hawkesbury,  Clarence,  Brisbane, 
Fitzroy,  and  Burdekin  are  the  largest  of  the  rivers  which  empty 
themselves  on  the  £.  coast. 

The  most  imix>rtant  river  of  the  continent  flows  to  the  southern 
coast.  It  is  formed,  in  the  first  place,  of  the  Mumimbigee,  which 
rises  in  the  coast  range  W.  of  St.  George  Lake,  and,  running  S.W., 
meets  the  Lachlan,  flowing  from  the  E.  After  their  junction  they 
run  into  the  Murray,  a  much  larger  stream,  though  only  350  feet 
broad,  and  not  more  than  20  feet  deep.  Lower  down  the  Darlin<; 
enters  the  Murray,  and  is  the  largest  of  its  affluents,  drainint^  the 
W.  declivity  of  the  mountains  of  South  Wales,  between  2G°  and  31® 
S.  lat. ;  as  the  Lachlan,  the  Murrumbigee,  and  the  Murray  do  the  S. 
portion  of  the  same  high  lands,  arid  the  northern  declivity  of  the 
auriferous  region  of  the  colony  of  Victoria.  The  breakers  at  the 
mouth  of  the  Murray  are  dangerous,  but  may  be  passed  in  fine 
weather  in  a  good  steamer. 

The  Murray  has  been  navigated  for  2650  miles,  a  considerable 
distance  farther  will  probably  be  reached  through  some  of  its 
tributaries,  and  several  of  the  rivers  may  be  ascended  to  a  greater 
distance  than  was  supposed  to  be  possible. 

1'he  Macquarrie  is  one  of  the  principal  tributaries  of  the  Darling ; 
after  running  300  miles  N.W.  it  passes  through  marshes,  and  after* 
wards  enters  that  river.  Li  its  upper  course  the  Darling  is  called 
the  Barwan.  In  addition  to  the  Castlereagh,  the  Macquarrie,  and 
the  Bogau,  which  are  its  chief  tributaries  from  the  S.,  it  receives 
from  the  N.  the  Ballone  and  the  Warrego. 

The  western  slope  of  the  coast  range  N.  of  lat.  25°  S.  is  drained 
by  the  Thomson  with  its  tributary,  the  Barcoo.  This  river  has  a 
course  of  about  600  miles  in  length,  and  finds  its  way  to  Cooper's 
Creek,  towards  which  certain  other  streams  or  creeks  also  flow, 
thus  forming  an  internal  continental  basin.  The  Parroo  lliver, 
between  the  Warrego  and  the  Thomson,  loses  itself  in  the  sand. 
None  of  the  rivers  which  drain  the  northern  part  of  the  western 
slope  of  the  eastern  range,  nor  the  southern  sloi)e  of  the  heights 
which  encircle  the  Gulf  of  Carpentaria,  ever  reach  the  sea. 

The  Blackwood,  the  Swan,  the  Murchison  and  the  Gascoyne, 
the  Fortescuc  and  the  De  Grey,  drain  the  western  side  of  the  conti- 
nent, and  along  the  banks  of  some  of  these  are  fertile  grassy  plains. 
The  Victoria,  opening  into  Queen's  Channel,  in  N.W.  Australia,  was 
explored  by  Mr.  A.  C.  Gregory,  in  1856. 

The  streams  opening  into  the  Gulf  of  Carpentaria  are  inconsider- 
able in  length,  as  they  descend  only  from  the  semicircular  range  of 
hills  that  enclose  this  extensive  tropical  sea;  the  Koper,  the  Albert, 
the  Flinders,  and  the  Mitchell  are  the  largest  of  these  rivers.  The 
want  of  water  makes  it  difficult  to  explore  the  interior  of  this  con- 


OlAP.XXl. 


AU8TEALIAN  RIVERS. 


295 


tinent.  It  appears  that  in  certain  groups  of  years  there  are  great 
iilbi  of  rain  over  large  portions  of  the  plains,  which  become  satu- 
rated with  water ;  lakes  are  formed,  and  temporary  streams ;  what 
is  not  evaporated  sinks  into  the  earth,  and  may  supply  artesian 
wells;  Stuart  found,  in  his  journeys  N.  from  Adelaide,  that  he 
conld  frequently  obtain  water  by  digging.  Then  years  succeed  in 
which  no  rain  falls.  Wherever  there  is  moisture  there  is  fertility, 
so  in  the  central  arid  part  of  the  interior  there  are  productive  oases 
alternating  with  unproductive  tracts,  and  the  most  recent  explora- 
tions have  shown  that  the  interior  of  Australia  possesses  much 
more  water  than  the  early  travellers  rejx)rted. 
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LARES. 

§  1.  General  description  of  lakes.  §  2.  European  lakes ;  Northern  Europe  ; 
Pyrenees,  Alps,  and  Italian  peninsula.  §  3.  Asiatic  lakes;  lake  of 
Tibei-ias  and  Dead  Sea ;  the  Caspian ;  lakes  of  Aral,  Baikal,  and  of  the 
Himalaya ;  sacred  lakes  of  Manasarowar.  §  4.  African  lakes ;  Ngami ; 
Chad,  Nyassa,  and  the  Equatorial  Lakes.  §  5.  American  lakes ;  Superior, 
Huron,  Michigan,  Erie,  and  Ontario ;  Nicaragua  and  Leon ;  Lake  Xarayos ; 
Lake  Titicaca. 

§  1.  The  hollows  formed  on  the  surface  of  the  earth  by  the  ground 
sinking  or  rising,  by  earthquakes,  craters  of  extinct  volcanoes,  the 
intersection  of  strata,  and  by  ancient  glaciers,  are  generally  filled 
with  water,  and  constitute  systems  of  lakes,  some  salt  and  some 
fresh.  Many  of  the  former  may  be  remnants  of  an  ancient  ocean, 
left  in  the  depressions  of  its  bed  as  the  waters  retired  when  the 
continents  were  raised  above  its  surface. 

Many  lakes  are  fed  by  springs  rising  at  the  bottom,  and  they  are 
occasionally  the  sources  of  the  largest  rivers.  Some  have  neither 
tributaries  nor  outlets  ;  the  greater  number  have  both.  The  quan- 
tity of  water  in  lakes  varies  with  the  seasons  everywhere,  especially 
from  the  melting  snow  on  mountain-chains  and  in  high  latitudes, 
and  from  periodical  rains  between  the  tropics.  Small  lakes  occur 
in  mountain-passes,  formed  by  water  which  runs  into  them  from 
the  surrounding  peaks;  they  are  frequently,  as  in  the  Alps,  very 
transparent,  of  a  bright  green  or  az.ure  hue.  Large  lakes  are 
common  on  table-lands,  and  in. the  valleys  of  mountainous  coun- 
tries, but  the  largest  are  on  extensive  plains.  The  basin  of  a  lake 
comprehends  all  the  land  drained  by  it ;  consequently  it  is  boimdcd 
by  an  imaginary  line  passing  through  the  sources  of  all  the  waters 
that  fall  into  it. 

§  2.  There  are  more  lakes  in  high  than  low  latitudes,  because 
evaporation  is  much  greater  in  low  latitudes  than  in  high,  and  in 
this  respect  there  is  a  great  analogy  between  the  northern  plains  of 
the  two  principal  continents.  Sheets  of  water  of  great  beauty 
occur  in  the  mountain  valleys  of  the  British  Islands,  of  Norway, 
and  Sweden,  countries  similar  in  geological  structure ;  and  besides 
these  there  are  two  regions  in  the  Old  World  in  which  lakes 
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particularly  abound.  One  beg;ins  on  the  low  coast  of  Holland, 
encircles  the  southern  and  eafitem  sides  of  the  Baltic,  often  passing 
close  to  its  shores,  alon;^  the  Gulf  of  Bothnia,  and  from  thence 
through  the  Siberian  plains  to  Behring  Strait.  The  lakes  which 
cover  so  much  of  Finland  and  the  great  lakes  of  Ladojra  ami  Onega 
lie  in  a  parallel  direction ;  they  occupy  transverse  rents  which  had 
taken  place  across  the  palaeozoic  strata,  while  rising  in  a  direction 
from  S.W.  to  N.E.,  between  the  Gulf  of  Finland  and  the  White 
Sea;  that  elevation  was,  perhaps,  the  cause  of  the  cavities  now 
occupied  by  these  two  seas.  Ladoga  is  the  largest  lake  in  this 
zone,  having  a  surface  of  6633  square  miles,  acconiing  to  the  recent 
survey  of  M.  Andreyeff.  It  receives  tributary  streams,  and  sends 
off  its  superfluous  water  by  rivers,  and  Onega  does  the  same ;  but 
the  multitude  of  small  steppe  lakes  among  the  Ural  Mountains 
and  in  the  basin  of  the  river  Obv  neither  receive  nor  emit  rivers, 
being  for  the  most  part  mere  jxinds,  though  of  great  size,  some 
of  fresh  and  some  of  salt  water,  lying  close  together— a  circum- 
stance which  has  not  l)een  accounted  for:  those  on  the  low 
Siberian  plains  have  the  same  character. 

In  the  Pyrenees  lakes  are  most  frequent  on  the  French  side ; 
many  are  at  such  altitudes  as  to  Ixj  jwrpetiially  frozen  ;  one  on  Mont 
Perdu,  8393  feet  alwve  the  sea,  has  the  a])i)earance  of  an  ancient 
volcanic  crater.  There  is  scarcely  a  valley  in  the  Alpine  range  and 
its  offsets  that  has  not  a  sheet  of  water,  tilling  cavities  fornuHl 
during  the  elevation  of  the  ridges,  by  subsidence  of  the  soil  and 
afterwards  scoopeil  out  by  glaciers:  Lake  Trub,  72W  t'eet  al»ove  the 
level  of  the  sea,  is  tlie  most  elevated.  Lakes  arc  more  numerous  on 
the  N.  than  on  the  S.  of  the  Alps — the  German  valleys  are  full  of 
them.  In  Bohemia,  Gallicia,  and  Moravia  there  are  no  less  than 
30,000  sheets  of  water,  Upsides  numerous  others  in  Austria 
proper. 

Of  the  principal  lakes  on  the  northern  side  of  the  Al]>s,  the  Lake 
of  Geneva,  or  Lake  Leman,  is  the  largest  an«l  most  iK'autiful,  fn>m 
its  situation,  the  pure  azure  of  the  waters,  and  the  sublime  mountain 
scenery  that  surrounds  it.  Its  surface,  of  about  240  s(]uare  miles, 
is  1230  feet  al>ove  the  sea,  and  near  Meillerie  it  is  lOlU  deep.  The 
Ijake  of  Lucerne  is  1407  feet  al>ove  the  sea,  and  tlie  lakes  of  Brienz. 
1900  feet.  The  Italian  lakes  arc  at  a  h>wer  level ;  the  I^go 
Maggiore  has  only  678  feet  of  alwolute  altitude ;  the  Lake  of  Omio, 
702;  and  the  Lake  of  (Janla,  320;  they  are  larger  than  n)ost  oif 
those  on  the  N.  of  the  Alps,  and,  with  the  advantage  of  an  Italian 
climate,  sky,  and  vegetation,  they  sur|)ass  the  others  in  lK*auty, 
though  the  mountains  that  surroun<l  them  are  less  lofty.* 


*  It  appears  that  most  of  the  Swiss  laked,  and  noinn  of  the  Italian,  had 
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These  great  lakes  are  fed  by  rivers  rising  in  the  glaciers  of  the 
higher  Alps,  and  many  large  rivers  issue  from  them.  In  this  respect 
they  diifer  from  most  of  the  lakes  in  Central  and  Southern  Italy, 
some  of  which  are  craters  of  ancient  volcanoes,  or  perhaps  ancient 
craters  of  elevation,  where  the  earth  had  been  swelled  up  by  subter- 
ranean vapour  without  bursting,  and  had  sunk  down  again  into  a 
hollow  when  the  internal  pressure  was  removed.^ 

§  3.  In  Syria,  the  Lake  of  Tiberias  and  the  Dead  Sea,  memorials 
sacred  to  the  Christian  world,  are  situate  in  the  deepest  depression 
on  the  earth's  surface,  the  bottom  of  the  latter  being  upwards  of  2G00 
feet  below  the  level  of  the  ocean.  The  surface  of  Lake  Tiberias  is 
652  feet  below  that  of  the  Mediterranean,  surrounded  by  verdant 
plains ;  while  the  dense  bitter  waters  of  the  Dead  Sea,  forming  an 
expanse  42  miles  long  and  from  12  to  16  wide,  1292  feet  below 
the  Mediterranean,  lie  in  a  scene  of  great  desolation  and  solitude, 
encompassed  by  desert  sands,  and  bleak,  stony  salt-hills.  Thus 
there  is  a  difference  of  level  of  640  feet  in  little  more  than  60  miles, 
which  renders  the  current  of  the  Jordan  very  rapid.  The  water  of 
the  Dead  Sea  is  so  acrid  from  the  large  proportion  of  saline  matter  it 
contains  that  it  irritates  the  skin ;  it  is  more  buoyant,  and  has  a 
greater  proportion  of  salt,  than  any  that  is  known  except  the  small 
lake  of  Eltonsk,  E.  of  the  Volga.  "  The  salt-mountain  of  Jebel 
Usdum  is  the  most  interesting  phenomenon  about  the  lake  —a  long 
mass  of  rock  salt,  about  seven  miles  long,  and  from  one  and  a 
half  to  three  miles  wide,  several  hundred  feet  high,  capped  along  its 
jagired  top  by  a  mass  of  gypsum  and  marl,  extending  S.  from  the 
south-western  corner  of  the  lake.  Through  this  salt-mountain 
several  streams  percolate,  continually  bearing  additional  solutions  of 
salt  into  the  bitter  and  almost  saturated  waters.  The  water  of  the 
lake,  where  saltest,  contains  28  parts  of  solid  salt  to  72  of  water, 
but  it  varies  much  in  different  parts,  owing  to  the  inflow  of  fresh 


been  inhabited  by  a  primitive  race  of  mankind  of  which  no  record  remains, 
who  built  their  huts  upon  stakes  driven  into  the  bottom  of  the  lake,  and 
thus  lived  on  the  surface  of  the  water,  probably  as  a  refuge  from  enemies 
on  land.  Those  stakes  that  are  below  the  surface  of  the  water  were  long 
known  to  the  fishermen,  who  avoided  them  as  destructive  to  their  net«, 
but  of  lat«  they  have  excited  much  interest  on  account  of  the  numerous 
implements  that  have  been  found  by  excavating  between  the  stnkes.  The 
custom  is  now  followed  by  some  tribes  in  the  Pacific  islands,  and  on  many 
parts  of  the  river  2^mbesi  the  Africans  build  their  huts  on  stakes  2()  feet 
above  the  ground,  that  in  the  rainy  season  they  may  not  be  endangered  by 
the  floods,  which  are  constant  and  sudden.  During  this  time  it  is  not 
unusual  for  a  native  to  indulge  in  the  luxury  of  fishing  out  of  his  bed. 
In  1855  thousands  of  the  natives  were  drowned  by  the  river  rising  higher 
than  usual. 

'  The  Lakes  of  Perugia  or  Thrasymene  and  Fucino  are  exceptions. 
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WAter."  ^  The  Lake  of  Assal,  in  the  Somali  countn%  nearly  o])po8ito 
to  Aden,  renemUes  the  Syrian  lakes  in  many  resi)ects :  its  surface 
u  570  feet  below  the  sea-level,  and  its  circumference  Ut  miles- 
Separated  from  the  oc«an  by  a  barrier  of  lava,  it  probably  owes  its 
fonnation,  like  the  Dead  Sea,  to  a  barrier  raiseil  by  yolcanic  agency 
between  it  and  the  Red  Sea  at  a  comixinitively  recent  ]K.Ti(.Kl. 

Thou;ih  extensive  sheets  of  wattir  exist  in  many  jjurts  of  Asia 
Minor,  csixjcially  in  Bithynia,  yet  the  characteristic  feature  of  the 
country,  and  of  all  the  ttible-land  of  Western  Asia  and  the  adjacent 
steppes,  is  the  numlier  and  magnitude  of  the  saline  lakes.  A  re^on 
of  Halt-lakes  and  marshes  extends  at  kuist  2()0  miles  alon^;  the 
northern  foot  of  the  Taurus  ran;;e,  on  a  ver\'  elevatcHl  part  of 
the  table-land  of  Anatolia.  There  uro  also  many  dctachod  lakes, 
some  exceedingly  saline.  Fish  cannot  live  in  the  i^ake  of  'i\H>zla  ; 
it  is  shallow,  and  subject  to  excessive  evainmition.  Neither  can 
any  animal  exist  in  the  Lake  of  Shahee  orUrumiah,  on  the  contines 
of  Persia  and  Annenia,  30(.)  miles  in  circumference ;  its  water  is 
perfectly  clear,  and  contains  a  fourth  part  of  its  weii^lit  of  saline 
matter.  These  lakes  are  fell  by  sprinj^s,  rain,  an<l  melted  snow,  and, 
having  no  outlets,  the  surplus  water  is  carried  oft'  by  evaiK)ration. 

It  is  possible  that  the  volcanic  soil  of  the  table-land  may  l>e  the 
cause  of  this  exul)erance  of  salt  water.  Lake  Vau,  a  sheet  of  salt 
water,  240  miles  in  circumference,  is  so}uirated  from  the  equally 
salt  lake  Urumiah  only  by  a  U)W  ran<;e  of  hills;  there  are  many 
pieces  of  fresh  water  in  tliat  neighlK>urhood,  iK.>ssil)ly  in  similar 
hollows. 

Persia  is  singularly  destitute  of  water;  the  Lake  Zeistan  or 
Hamoon,  on  the  frontiers  of  Afghanistan,  having  an  area  of  18 
square  miles,  is  the  only  piece  of  water  on  the  western  |>Jirt  of  the 
table-land  of  Iran.     S.  of  it  is  the  great  Zurrali  marsh. 

It  is  evident  from  the  saline  nature  of  the  soil,  and  the  shells  it 
contains,  that  the  ])lains  round  the  Caspian,  Lake  Aral,  and  the 
8tcpi)es,  even  to  the  Unil  Mountains,  had  once  fonned  ]Kirt  of  the 
Black  Sea ;  57,iXX)  stjuare  miles  of  that  country*  are  de])resseil  l»elow 
the  level  of  the  ocean — a  depression  which  extends  northwards 
beyond  the  town  of  Saratov,  3(X)  miles  distant  from  the  Cas]»ian. 
Sir  Roderick  I.  Murchison  is  of  opinion  that  the  great  areas  of  land 
which  surroimd  the  present  Ca8i)ian,  and  which  now  sejuirate  it 
fmm  Lake  Aral,  have  bi*en  elevatwl  into  their  present  [positions 
from  a  former  great  interior  depression  on  the  earth's  surface.  The 
surface  of  the  (Caspian  itself,  which  is  H3  fc»et  Inflow  the  level  of  the 
cx;can,  is  its  lowest  ]Kirt,  and  has  an  area  of  1-10,(XX)  s^juare  miles, 
nearly  eciual  to  that   of  Great  Britain  and  Ireland.     In  Eurojie 

*  Tristnmrb  Natunil  History  of  the  Bible. 
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alone  it  drains  an  extent  of  850,000  square  miles,  receiving  the 
Volga,  the  Ural,  and  other  great  rivers  on  the  N.  It  has  no  tide, 
and  its  navigation  is  dangerous  from  heavy  gales,  especially  i'roui 
the  S.E.,  which  drive  the  water  miles  over  the  land:  a  vessel  was 
stranded  46  miles  inland  from  the  shore.  It  is  300  feet  deep  in  the 
centre,  but  is  shallower  to  the  E.,  where  it  contains  several  islands, 
and  where  it  is  bounded  by  impassable  swamps  many  miles  broad. 
It  is  less  salt  than  the  ocean.  The  Lake  of  Eltonsk,  on  the  stepixj 
E.  of  the  Volga,  has  an  area  of  130  square  miles,  and  furnishes 
two-thirds  of  the  salt  consumed  in  Russia.  Its  water  yicUls  20*13 
per  cent,  of  saline  matter,  and  from  this  circumstance  is  more 
buoyant  than  any  other  known.* 

The  Lake  of  Aral,  which  is  shallow,  is  117  feefc  higher  than  the 
Caspian,  and  has  an  area  of  23,300  square  miles :  it  has  its  name 
from  the  number  of  small  islands  at  its  southern  end,  Aral  signify- 
ing "  island  "  in  the  Tartar  language.  Neither  the  Caspian  nor  the 
Lake  of  Aral  has  any  outlets,  though  they  receive  large  rivers; 
they  are  salt,  and,  in  common  with  all  the  lakes  in  Persia,  they  are 
decreasing  in  extent,  and  becoming  Salter,  the  quantity  of  water 
supplied  by  tributaries  being  less  than  that  lost  by  evaporation. 
Most  of  the  rivers  that  run  into  the  Lake  of  Aral  are  diminished  bv 
canals,  that  carry  off  water  for  irrigation ;  for  that  reason  a  very 
small  portion  of  the  waters  of  the  Oxus  reaches  the  lake.  Besides, 
the  Russian  rivers  yield  less  water  than  formerly  from  the  progress 
of  cultivation.  The  small  mountain-lake  SSir-i-Kol,  in  the  high 
table-land  of  Pamir,  from  whence  the  Oxus  flows,  is  ir),.630  feet 
above  the  sea ;  consequently  there  is  a  difference  of  level  between 
it  and  the  Dead  Sea  of  nearly  17,000  feet. 

The  small  number  of  lakes  in  the  Himalaya  is  one  of  the  pecu- 
liarities of  these  mountains.  The  Lake  of  Wuler,  in  the  valley  of 
Cashmere,  is  the  only  one  of  any  magnitude  ;  it  is  but  10  miles  in 
length  and  4i  in  breadth,  but  seems  to  be  the  residue  of  one  that 
had  filled  the  whole  valley  at  a  very  remote  period.  There  are 
many  great  lakes,  both  fresh  and  salt,  on  the  table-land;  the 
annular  form  of  Lake  Yamdokcho,  north  of  the  Himalaya,  as 
represented  on  maps,  is  unexampled ;  the  sacred  lakes  of  Mana- 
sarowar  and  of  R'akas  Tal,  in  Great  Tibet,  occupy  a  space  of  about 
400  square  miles,  between  the  gigantic  peaks  of  Gurla  on  the  S. 
and  of  Kailas  on  the  N. ;  it  is  from  the  most  westerly  of  these  lakes 
(which  are  said  to  communicate  with  each  other)  that  the  Sutlej 
rises,  at  an  elevation  of  15,250  feet  above  the  level  of  the  sea. 
Tibet  abounds  in  small  lakes,  some  of  which  contain  bonix  in  solu- 


*  The  water  of  the  Dead  Sea  contains  26*24  per  cent,  of  saline  ingredients, 
one  of  which  is  sulphate  of  magnesia. 
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tion.     Aa  most  of  the  great  lakes  on  the  tahle-laud  are  in  the 
Chinese  territories,  strangers  have  not  had  access  to  them;  the 
Koko-nor  and  Lake  Lop  seem  to  he  very  large  ;  the  latter  is  said 
to  have  a  surface  of  2187  square  miles,  and  there  are  others  not 
inferior  to  it  in  the  N.     The  lakes  in  the  Altai  Mountains  are 
bteutiful,  larger  and  more  numerous  than  in  any  other  mountain- 
chain.     They  are  at  ditferent  elevations  on  the  terraces  hy  which 
the  table-land  descends  to  the  plains  of  Sil>eria,  and  are,  owing  to 
geological  phenomena,  essentially  different  from  those  which  have 
produced  the  Caspian  and  other  steppe  lakes.     They  seem  to  have 
been  hollows  formed  where  the  axes  of  the  different  branches  of  the 
chain  cross,  and  are  most  numerous  and  deej>est  in  the  eastern 
Altai.     Baikal,  the  largest   mountain  lake,   sup]>osed  to  owe  its 
origin  to  the  sinking  of  the  ground  during  an  earthquake,  has  an 
area  of  14,800  square  miles,  nearly  equal  to  the  half  of  Scotland. 
It  lies  buried  in  the  form  of  a  crescent,  amid  lofty  granite  moun- 
tains, which  constitute  the  edge  of  the  table-land  to  the  S.,  ending 
in  the  desert  of  the  Great  Gobi;  in  the  N.W.  the  hills  ginl  the 
shore  so  closely  that  they  dip  into  the  water  in  many  places ;  1(K) 
rivers  and  streams  fall  into  this  lake,  wliich  drains  a  country  pr<>- 
l>ably  twice  the  area  of  Britain.     The  river  Angara,  which  nms 
deep  and  strong  through  a  crevice  at  its  eastern  end,  is  its  prin- 
cipal outlet,  and  is  suj>posed  to  carry  off  but  a  small  proiK)rtion  of 
it-s  water.     It^  surface  is  17o3  feet  al>ove  tlie  sea-level,  and  the 
climate  is  as  Kcvere  as  it  is  in  Euroixj  10°  farther  N. ;  yet  the  lake 
does  not  freeze  till  the  middle  of  DecemlxT,  ]K>ssibly  from  its  depth, 
})eing  unfathomable  in  some  i)laces  with  a  line  of  (JOO  feet. 

Lake  Xor-Zaisan,  situated  l)etween  47°  40'  and  48°  20'  N.  lat., 

and  iKitween  83'^  10'  and  84°  50'  K.  l(.ng.,  spreads  itself  out  in  a 

broad  and  elevateil  valley,  surrounded  by  mountain-ranges  on  thret* 

of  its  sides :  the  Altai  on  the  N.E.,  the  Kolbinsk  on  the  N.W., 

and  the  Tarbogatai  range  on  the  southern  side.     1'he  waters  of  the 

lake  are   transi>arent,   soft,  and   giKnl   for  cooking  jnir[K;»se8.     It 

alxnmds  in  iish.     It  is  frozen  over  fn»m  Novemlx^r  to  May,  and  its 

level  rises  during  June  and  July  on  account  of  the  swelling  of  the 

Black  Irtysh,  which  flows  into  it  from  the  E.     The  shores  of  the 

lake  are  marshy  and   overgrown  with  reetls.      Besides  the  Black 

Irtysh,  which  has  a  length  of  40(>  miles,  it  receives  more  than  10 

streams  of  considerable  size.     The  AVhite  or  Lower  Irtysh  flows 

out  of  the  lake  at  the  north-western  extremity,  and  is  a  deejx^r  and 

fuller  river  than  the  Black  Irtysh.     The  course  of  the  latter  is 

internipted  by  falls  and  cataracts. 

§  4.  Very  extensive  lakes  occur  in  Africa.  In  lat.  20°  19'  and 
K.  long.  22°  is  situatwl  the  recently  discovered  lake  Ngami,  which 
has  hitherto  l>een  but  imjK'rfectly  exj>lore<i.     It  is  sup|ioscd  to  W 
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more  than  70  miles  long,  and  to  be  gradually  lessening  in  liimeii- 
sionB.  A  kr^  river,  the  Zouga,  issoes  from  ita  eastern  extremity, 
where  it  is  200  yards  wide ;  and  is  Buppoeed  to  join  the  Lini]>opo. 
'ITie  elevation  of  the  lake,  as  determined  by  its  discoverers,  SIcssrs. 
Livingstone,  Oswell,  and  Murray,  is  3285  feet  above  the  sen.' 
Abyssinia  has  the  large  and  beautiful  lake  of  Dembca,  or  Tsana, 
situate  in  a  spacious  plain — the  granary  of  the  country — so  high 
above  the  sea  that  spring  is  perpetual,  though  within  the  tropics. 
There  are  many  other  lakes  in  this  great  projecting  promontory,  so 
full  of  rivers,  mountains,  and  forests,  including  the  picturesque 
Lake  Ashangi,  embosomed  in  mountains,  on  the  eastern  edge  of 
the  plateau.  Das  W.  of  this,  near  the  centre  of  the  broad  northern 
portion  of  the  continent,  is  Lake  Chad,  almost  the  size  of  an  inland 
sea,  at  an  absolute  elevation,  according  to  Dr.  Vogel's  observations, 
of  not  more  than  840  feet.  Its  area,  and  the  e:ctent  of  Its  banin, 
are  imperfectly  known ;  it  receives  many  affluents  from  the  unex- 
plored highlands  to  the  S.  Other  lakes  of  less  magnitii<le  are 
known  to  exist  in  these  regions,  and  there  are  probably  many  more 
that  are  unknown.  Salt-water  lakes  are  numerous  on  the  northern 
boundaries  of  the  great  lowland  deserts,  and  many  fine  sheets  of 
fresh  water  are  found  in  the  valleys  and  flat  terraces  of  the  Great 
and  Little  Atlas. 

It  is,  however,  in  the  equatorial  part  of  the  African  interior 
where  the  largest  of  these  sheets  of  inland  water  are  found,  and  it 
is  to  the  enterprise  of  English  travellers  during  the  last  15  years 
that  we  owe  all  that  is  at  present  known  about  them.  The  most 
southerly  of  those  great  lakes  is  Nyassa,  discovered  by  Dr.  Living- 
stone in  1859.  It  lies  in  a  deep  valley,  trending  N.  and  S.,  flanked 
by  mountain  ranges,  and  distant  300  miles  from  the  eastern  coast. 
Its  length  is  about  250  miles,  as  far  as  at  present  known,  but  the 
northern  extremity  has  not  yet  been  traced.  In  some  parts  it  is 
supposed  to  have  a  width  of  60  miles,  and  its  depth  is  very  great ; 
Mr.  Young,  the  leader  of  the  Livingstone  Search  Expedition,  in 
1867,  found  no  bottom  in  one  part  with  a  line  of  40  fathoms.  The 
waters  are  clear,  and  of  a  deep  bine  colour,  and  abound  in  fish.  In 
the  dry  season  (July  to  December)  the  S.E.  breeze  blows  with  pro- 
digious force  up  the  lake,  creating  heavy  waves  and  makiug  its 
navigation  dangerous.  Lofty  rocky  headlands  diversify  the  shore 
scenery,  and  between  them  are  lovely  bays,  fringed  with  sandy 
beaches.  The  lake  receives  the  drainage  of  the  surrounding  moun- 
tain slopes,  and  has  its  outlet  at  the  southern  end  by  the  I'iver 
Shir^,  a  tributary  of  the  Zambesi.  The  mean  elevation  of  its 
surface  is  15:22  feet  above  the  sea.     About  360  miles  to  the  N.W. 

'  'Joanisl  of  Geogrsphical  Society  DfLondoo,'  vol.  ii.  p.  143. 
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tiA  XyMiM  lies  Lake  Taziganyika,  discovenHl  by  Captains  r»urton 
and  i^{lefa^  in.  Iao<^.     Less  i»  ac  present  kuowii  of  this  ^ront  I'n^sli- 
waso'  sea  ciiaa  •:■£  Xyaeria.  Cu  which  it  is  similar  in  its  physinil 
coafiziiraci:>iLr  lying  N.  and  S.  in  a  ile«fp  valloy  lienmusl  in  Ity  lii^li> 
Laad«:   ic  u,  hf^w^ver.  mach  iarzer.     In  18i>7-S  l>r.   I.ivin^stuno 
ducovered  a  chain  ot  smaller  lakes  at  the  south- wt'>trrn  oml  ot' 
Taozaajika,  raryiri:!   from  20  to  oO  iuiU*s  rach  in  h'Mi;th.      N. 
oc  Taneanyika  iie»  the  va&t  ex^^ans^.^  ut*  AlluTt  Nyan/.a,  iliMnvi'ird 
bv  >ir  Samuel  Baker  and  his  lady  in  ISlU.     At   tht>  |K)int  whno 
the  cnTeilen  drst  beheld  this  euonnous  shoot  i>f  waifi*  inini  a  hi^h 
ciiff  «>a  iu  eadtem  shore,  it  appeanil  ti»  1h>  alKUit  (U>  Miilf^  \\iil««; 
bai  farther  S.  it  was  evidently  bnxidor,  and  its  limits  in  that  ilirrc- 
tioQ  are  at  present  unknown.     At  its  northern  oxtivniitv  tin*  Nilo 
iatfues  an*i  within  30  miles  of  the  outlot  the  AHht!  n'ci-ivch  thn 
di^nage  oi  an^'ther  Urje  lake,  the  Victoria  Nyan/.a  ol'  S|K>k(\  ihn 
joaihem  end  ot  which  he  discoveri*<l  in  isr>8,  ami  which  ho  a^ain 
SAV  in  1^2  un  the  exjiedition  in  which  he  was  an'omiMininl  hy 
Capcain  Grant,     llie  Victoria  Ny  an /.a,  acronlin^  to  S|M>k<«,  In  jiio 
zuiles  in  length,  and  of  great  hut  unknown  Incailth.     It  lii-«  ut  a 
mtbch  hi;iher  elevation  than  the  AIIhtI  Likr,  lH>in;;  <17  lo  liM-i  uIhivo 
the  Ma-Ievel,  as  compaaNl  with  2720,  the  aliiiiitic  \\\\v\\  to  thn 
Albert  by  Sir  S.  Baker,  and  its  sur])Ius  waters  llnw  N.W.  into  ihn 
lower  lake  by  a  river  upwanls  of  2U)  miles  in  ieif.th,  tiuw  iii",  ni  tin* 
Utter  part  of  its  course  with  great  rapidity,  and  linally  liupin-'  ni  a 
magnificent  cascade  to  the  level  of  the  AiinTt,  a  lew  mih'.s  ahovr  itti 
junction  with  the  Lake.     If  the  Alh(>rt  Nyan/.a,  the  'ran^invika, 
and  the  Chambcze  lakes,  nrently  (lis<Miven'<l  l»,v   Livini^stone,  Ui 
really  connected,  as  they  are  su{>|MiHed  to  he,  they  will  loim  a  rhaiu 
of  lakes  840  miles  in  length.   Thus  it  ap]M*ars  that  in  thei-eiitr<Mirihn 
torrid  zone  of  the  most  torridof  eontinents,  a  system  of  iVeNh- water 
lakes  exists,  little  inferior  to  that  of  thi'  Laurentian  hiken  of  Nmili 
America, hitherto  considered  hy  far  the  la^^est  on  the  ■•Inhe.    Heinle 
surroundetl  hy  healthy  hi^^hlands  and  fertile  plateaus,  iind  lenderetl 
accessible  hy  the  Nile,  they  aiVord  unex|HH'teilly  means  of  opening 
uj)  and  develojiinj;  the  resiairees  of  the  vast,  interior  of  the  Alriean 
continent. 

§  5.  A  very  larj;e  ])ortion  of  North  America  is  covered  with  fresh 
water;  the  five  princiiial  lakes — Su|K!rior,  Huron,  Michi.-an,  Krie, 
and  Ontario — with  some  of  their  (h'p(«nd(tnts,  pndiahly  cover  an 
area  of  94,000  stpiare  miles;  that  of  linke  SuiN>rior  alone,  ,'12,(NM), 
which  is  only  1H(X)  s(piani  miles  less  than  i\w  whoh>  of  Kuj^hind. 
Vrevious  to  the  discovery  of  the  lakes  of  equatorial  Africa,  tho 
.\mcrican  lakes  were  held  to  contain  two-thinls  of  all  the  fnmh- 
wat-er  de)K)8itK  on  the  ^hdH>.  The  altitude  i>f  these  lakes  hIiowh  tho 
sh^^ic  of  the  continent ;  the  al»solutu  uluvation  of  Lake  SSu|MTior  iH 
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628  feet ;  Lake  Huron  is  44  feet  lower ;  Lake  Erie,  19  feet  lower 

than  the  Huron ;  and  Lake  Ontario  is  333  feet  below  the  level  of 

Erie.     The  river  Niagara,  which  unites  the  two  last-named  lakes, 

is  33^  miles  long,  and  in  that  distance  it  descends  from  the  height 

of  565  feet  to  that  of  232  feet  above  the  sea-level ;  but  the  upper 

part  of  its  course  is  navigable.   1'he  height  of  the  cascade  of  Niagara 

is  162  feet  on  the  American  side  of  the  central  island,  and  11 'Jo 

feet  wide.     On  the  Canadian  side  the  fall  is  149  feet  high,  and 

2100  feet   wide  —  the   most  magnificent   sheet   of  falling   water 

known,  though  many  are  higher.     The  river  St.  Lawrence,  which 

drains  the   whole,  slopes  234  feet   between   the   bottom  of  the 

cascade  and  the  sea.     The  bottom  of  Lake  Superior  is  300  feet, 

and  that  of  Ontario  268  feet,  below  the  surface  of  the  Atlantic, 

affording  another  instance  of  deep  indentation  in  the  solid  matter  of 

the  globe.     Some  lakes  are  decreasing  in  magnitude,  though  the 

contrary  seems  to  be  the  case  in  America  ;  between  the  years  1825 

and  1838  Ontario  rose  nearly  seven  feet ;   and,  according  to  the 

American  engineers.  Lake  Krie  had  gained  several  feet  in  the  same 

time.     Lake  Huron  is  said  to  be  the  focus  of  ixjculiar  electrical 

phenomena,  as  thunder  is  constantly  heard  in  one  of  its  bays.   The 

lakes  N.  of  this  group  are  innumerable ;  the  whole  country,  to  the 

Arctic  Ocean,  is  covered  with  sheets  of  water.     Lake  Winnipeg, 

Reindeer  Lake,  Slave  Lake,  and  some  others,  may  be  regarded  as 

the  chief  members  of  separate  groups  or  basins,  each  embracing  a 

wide  extent  of  almost  unexplored  coimtry.     There  are  also  many 

lakes  on  each   side  of  the  Rocky  Mountains :   one  of  the  most 

remarkable  is  the  Great  Salt  Lake,  on  the  plateau  of  the  Great 

Basin  between  the  Wahsatch  Mountains  and  the  Sierra  Nevada  of 

North  America,  whose  surface  has  an  elevation  of  4290  feet  above 

the  level  of  the  sea ;  it  has  several  islands,  its  waters  contain  22 

per  cent,  of  salts,  chiefly  muriate  of  soda,  and  its  circuit  is  little 

less  than  300  miles :  the  neighbouring  Lake  of  Utah  (4790  feet)  is 

fresh,  and  empties  itself  into  the  Great  Salt  Lake  by  a  river  calleil 

the  Jordan.    In  Mexico  there  are  six  or  seven  lakes  of  considerable 

size,  though  not  to  be  compared  with  those  in  North  America. 

There  are  many  sheets  of  water  in  Central  America,  though  only 
one  is  of  any  magnitude,  the  Lake  of  Nicaragua,  in  the  province  of 
that  name,  about  100  miles  from  the  sea,  which  communicates 
with  the  Gulf  of  Mexico  by  the  river  of  San  Juan. 

In  Central  America  the  Andes  are  interrupted  by  plains  and 
mere  hills  on  the  Isthmus  of  Tehuantepec  and  of  Nicaragua,  on 
each  side  of  which  there  is  a  series  of  lakes  and  rivers,  which, 
aided  by  canals,  might  form  a  water-communication  between  the 
Atlantic  and  Pacific  Oceans.  In  the  former,  the  line  proposed 
would  connect  the  River  Goatzacoalcos,  on  the  Gulf  of  Mexico,  with 


Chap.  XXII.  .  AMERICAN  LAKES.  305 

the  Bay  of  Tehuantepec,  in  the  Pacific.  In  the  Isthmus  of  Nicar- 
agua, the  Gulf  of  San  Juan  would  be  connected  by  the  river  of 
that  name,  and  the  chain  of  lakes  of  Nicaragua  and  Leon,  with  the 
Bay  of  Bealejo  or  the  Gulf  of  Fonseca,  with  the  Gulf  of  Costa 
Rica.  Here  the  highest  level  necessary  would  be  212  feet  above 
the  Pacific,  and  of  easy  excavation ;  and  the  lake,  situate  in  an 
extensive  plain,  and  at  an  elevation  of  I25i  feet  above  the  sea,  is 
deep  enough  for  vessels  of  considerable  size.* 

A  range  of  lakes  goes  along  the  eastern  base  of  the  Andes,  but 
the  greater  part  of  them  are  mere  lagoons  or  marshes,  some  very 
large,  which  inundate  the  country  to  a  great  extent  in  the  time  of 
the  tropical  rains.  There  appears  to  be  a  deep  hollow  in  the  surface 
of  the  earth  at  the  part  where  Bolivia,  Brazil,  and  Paraguay  meet, 
in  which  lies  the  lake  Xarayos,  extending  on  each  side  of  the 
river  Paraguay ;  but,  like  many  South  American  lakes,  it  is  not 
))ernianent,  being  alternately  inundated  and  dry,  or  a  marsh.  Its 
inundations  cover  36,000  square  miles.  Salt  and  fresh  water  lakes 
are  numerous  on  the  plains  of  La  Plata,  and  near  the  Andes  in 
Patagonia,  resembling  in  this  respect  those  in  high  northern  lati- 
tudes, though  on  a  smaller  scale. 

In  the  elevated  mountain-valleys  and  table-lands  of  the  Andes 
there  are  many  small  lakes  of  the  purest  blue  and  green  colours, 
intensely  cold,  some  being  near  the  line  of  j)erpetual  congelation. 
They  are  generally  of  considerable  depth.  The  great  fresh-water 
lake  of  Titicaca,  however,  in  the  Bolivian  Andes,  has  an  area  of 
2225  geographical  square  miles,  and  is  more  than  120  fathoms 
deep  in  many  places,  surrounded  by  splendid  scenery.  Though 
12,840  feet  above  the  level  of  the  Pacific,  and  conseijueutly  higher 
than  the  Peak  of  Teneriffe,  it  contains  several  species  of  fish ;  its 
shores  are  cultivated,  producing  com,  barley,  potatoes,  and  even 
Indian  com ;  and  peopled  by  a  large  aboriginal  population,  inhabit- 
ing towns  and  villages.  Numerous  vestiges  of  Pemvian  civilization 
are  everywhere  to  be  met  with ;  and  in  the  island  from  which  it 
derives  its  name,  and  where  tradition  places  the  origin  of  the 
last  Inca  dynasty,  numerous  sjKJcimens  of  Pemvian  architecture 
still  exist.  It  receives  several  rivers  from  either  branch  of  the 
Andes,  but  has  only  one  exit,  the  river  Desaguadero,  the  waters 
uf  which  are  lost  by  evaporation  and  infiltration  in  the  sandy  scil 


*  The  reader  is  referred  to  a  paper  published  by  Admiral  FitzRoy  in  the 
20th  vol.  of  the  Journal  of  the  Geographical  Society,  for  a  lucid  description 
and  review  of  the  different  projected  canals  and  routes  across  the  American 
isthmus,  viz.,  by  the  lake  Nicaragua,  the  river  of  Goatzacoalcos,  and  the 
isthmuse.s  of  Panama  and  I.)arien. 
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through  which  it  flows,  and  in  its  terminal  lake  or  marsh  of 
Aullagas.^ 

The  limpid  transparency  of  the  water  in  lakes,  especially  in 
mountainous  countries,  is  remarkable;  minute  objects  are  visible 
at  the  bottom  through  many  fathoms  of  water.  The  vivid  green 
tints  so  often  observed  in  Alpine  lakes  may  be  produced  by  vege- 
table dyes  dissolved  in  the  water,  though  chemical  analysis  has 
not  detecteil  them. 

Lakes,  being  the  sources  of  some  of  the  largest  rivers,  are  of  great 
importance  for  inland  navigation  as  well  as  for  irrigation ;  while, 
by  the  constant  evaporation  at  their  surface,  they  maintain  the 
supply  of  humidity  in  the  atmosphere  so  essential  to  vegetation. 


*  See  Pent  land's  map  of  the  lake  of  Titicaca,  published  at  the  Hvd.  Office 
in  1847. 
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CHAPTER    XXIII. 


ATMOSPHERIC   PHENOMENA. 

§  1.  Nature  of  the  atmosphere ;  temperature  of  the  earth's  surface;  ndia- 
tiuQ  of  heat;  mean  temperature;  foci  of  maximum  cold;  atmospheric 
thermal  equator — its  temperature,  mean  and  absolute ;  isothermal  lines. 
§  2.  Climates^-continental,  insular,  and  extreme ;  stability  of  climate ; 
decrease  of  heat  in  altitude  ;  line  of  perpetual  snow.  §  3.  Density  of 
the  atmosphere ;  the  barometer ;  measurement  of  heights ;  variations  in 
density,  and  their  causes ;  horary  variations ;  independent  effect  of  the 
dry  and  aqueous  atmospheres ;  mean  height  of  barometer  in  different 
latitudes;  depression  in  the  Antarctic  Ocean,  and  in  Eastern  Siberia. 
§  4.  Currents  of  the  atmosphere ;  barometric  waves ;  the  trade-winds ; 
monsoons.  §  5.  Hurricanes ;  the  laws  of  their  motion ;  their  effioct  cm 
the  barometer;  how  to  st«er  clear  of  them;  the  storm-wave;  storm- 
currents  ;  arched  squalls ;  tornadoes ;  whirlwinds ;  water-spouts. 

§  1.  The  atmosphere  conipletcly  envelopes  the  earth  to  the  height 
of  certainly  100,  and  probably  200  or  300,  miles ;  it  bulges  at  the 
equator,  and  is  flattened  at  the  poles,  in  consequence  of  the  diurnal 
rotation.  It  is  a  mixture  of  "water  in  an  invisible  state  and  of  air, 
hut  the  air  is  not  homogeneous  :  in  100  parts,  79  consist  of  nitrogen 
i^as,  and  21  of  oxygen,  the  latter  the  source  of  combustion  and 
animal  heat,  and  0*45  of  water.  Besides  these,  there  is  a  small 
quantity  of  carbonic  acid  gas,  varying  from  3  to  5  ten-thousandths, 
which  is  sufficient  to  supply  all  the  vegetation  on  the  earth  with 
wood  and  leaves,  and  a  very  minute  proportion  of  ammoniacal 
gas.'  Ozone  is  also  a  constituent  of  the  atmosphere ;  it  was 
discovered  in  1848  by  Professor  Sch5nbein,  of  Basle.  Ozone  is 
a  form  of  oxygen.     It  is  produced  by  the  passage  of  electricity 


'  The  researches  of  M.  Ville  show  that  the  quantity  of  ammoniacal 
vapour  in  the  air  is  so  very  minute  as  to  exercise  no  influence,  as  was 
supposed  by  Liebig,  on  vegetation.  M.  Lewy  has  found  that  in  some  situa- 
tions, as  at  Bogota,  the  proportion  of  carbonic  acid  gas  varies  with  the 
seasons:  thus,  in  11  months  out  of  the  12,  the  air  contains  the  ordinary 
quantity,  from  y,^  ^^^  i  iin  ^^  ^^^  volume,  whereas  in  September  this  pro- 
portion increa^s  to  j^j^i  a  circumstance  quite  inexplicable  in  the  present 
state  of  meteorology. 
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through   the   air,  or  by  the  action  of  phosphorus  on  dariip  air. 
Oxygen  may  be  transformed  into  ozone  by  the  electric  machine, 
and  is  constantly  being  produced  by  the  electricity  in  the  atmo- 
sphere, and  especially  by  lightning  during   thunderstorms.     The 
peculiar  smell  produced  when  objects  are  struck  by  lightning  is 
owing  to  ozone.     It  is  a  great  purifier  of  the  air,  uniting  with  the 
gases  arising  from  decaying  organic  matter,  and  depriving  them  of 
their  hurtful  qualities.     It  is  more  abundant  on  the  sea-coast  than 
inland ;  on  the  W.  than  on  the  E.  of  Britain  ;  on  elevated  than  in 
low  situations;  with  S.W.  than  with  N.E.  winds;  in  the  country 
than  in  towns  ;  on  the  windward  than  on  the  leeward  side  of  towns. 
In  our  own  country,  it  is  most  abundant  from  February  to  June, 
and  least  from  July  to  January.     It  reaches  its  maximum  in  May, 
and  its  minimum  in  November.     The  nitrogen  and  oxygen  of  the 
air  are  only  in  a  state  of  unchemical  moisture  and  not  of  chemical 
combination.     This  fact  is  proved  in  various  ways,  one  of  the  most 
striking  being  the  circumstance  that  water  absorbs  more  oxygen 
from  the  air  than  nitrogen,  the  amount  of  the  two  gases  found  in 
water  being  in  exact  proportion  to  the  absorptive  power  of  that 
fluid  fcfT  each  of  them  separately.     If  air  were  a  chemical  com- 
pound, the  ratio  of  the  mixed  gases  absorbed  by  the  water  wouM 
bo  preserved.     Exhalations  of  various  kinds  ascend  into  the  air, 
such  as  those  which  produce  miasmata,  but  they  are  in  quantities 
too  minute  to  be  detected  by  chemical  analysis,  so  that  the  atmo- 
sphere is  found  to  be  of  the  same  composition  at  all  heights  above 
the  sea  hitherto  attained.     In  addition  to  this,  it  may  be  stated 
that  the  property  possessed  by  gases  of  readily  mixing  with  each 
other  without  regard   to  their  respective   specific   gravities  is   a 
Ix^nign   provision   for  preventing   the   accumulation   of  injurious 
exhalations.     Thus  the  carbonic  acid  arising  from  the  decay  of 
organized  substance,  although  half  as  heavy  again  as  atmospheric 
air,  diffuses  into  the  higher  regions  of  the  atmosphere  with  great 
rapidity. 

The  temperature  of  the  earth's  surface  and  the  phenomena  of  the 
atmosphere  depend  upon  the  revolution  and  rotation  of  the  globe, 
which  successively  expose  all  the  parts  of  it,  and  the  air  which 
surrounds  it,  to  a  perpetual  variation  of  the  gravitating  forces  of  the 
two  great  luminaries,  and  to  annual  and  diurnal  vicissitudes  of  solar 
heat.  Atmospheric  phenomena  are  consequently  |X)riodical  and 
connected  with  one  another,  and  their  harmony  and  the  regularity 
of  the  laws  which  govern  them  become  the  more  evident  in  pro- 
portion as  the  mean  values  of  their  vicissitudes  are  determined  from 
simultaneous  observations  made  over  widely  extended  tracts  of  the 
globe.  The  fickleness  of  the  wind  and  weather  is  proverbial ;  but  as 
nearly  the  same  quantity  of  heat  is  annually  received  from  the  sun, 
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and  annually  radiated  into  space,  it  follows  that  all  climates  on 
the  earth  are  stable,  and  that  their  changes,  like  the  perturbations 
of  the  planets,  are  limited  and  accomplished  in  fixed  cycles,  whose 
periods  are  still  in  many  instances  unknown.  It  is  possible,  how- 
ever, that  the  earth  and  air  may  be  affected  by  secular  variations 
of  temjxjrature  during  the  progress  of  the  solar  system  through 
si)ace,  or  from  periodical  changes  in  the  sun's  light  and  heat,  similar 
to  those  which  take  place  in  many  of  the  fixed  stars.  No  doubt 
the  sjxjts  on  the  sun  must  act  upon  the  oxygen  of  the  atmosphere, 
since  they  have  so  remarkable  an  influence  on  terrestrial  mag- 
netism ;  besides,  they  must  occasion  periodical  variations  both  in 
the  light  and  heat  of  the  sun.  The  secular  variation  in  the  moon's 
mean  distance  will  no  doubt  alter  the  amount  of  her  attractive 
force,  though  probably  by  a  quantity  inappreciable  in  the  atrial 
tides;  at  all  events,  variations  arising  from  such  circumstances 
could  only  become  perceptible  after  many  ages. 

From  experiments  made  by  M.  Peltier  it  appears  that,  if  the 
absolute  quantity  of  heat  annually  received  by  the  earth  were 
equally  dispersed  over  its  surface,  it  would,  in  the  course  of  a  year, 
melt  a  stratum  of  ice  46  feet  deep  enveloping  the  whole  globe.  It 
is  evident  that,  if  so  great  a  quantity  of  heat  had  been  continually 
accumulated  in  the  earth,  instead  of  being  radiated  into  space,  it 
would  have  been  transmitted  through  the  surface  to  the  poles, 
where  it  would  have  melted  the  ice,  and  the  torrid  zone,  if  not  the 
whole  globe,  would  by  this  time  have  been  uninhabitable.  In  fact, 
every  surface  absorbs  and  radiates  heat  at  the  same  time,  and  the 
1  lower  of  radiation  is  always  equal  to  the  power  of  absorption;  for, 
under  the  same  circumstances,  bodies  which  become  soon  warm 
also  cool  rapidly ;  and  the  earth,  as  a  whole,  is  under  the  same  law 
as  the  bodies  at  its  surface. 

Oxygen  and  nitrogen  are  the  most  permeable  of  all  gases  to 
radiant  heat;  hence  our  atmosphere  readily  transmits  solar  heat. 
The  presence  of  vapour,  however,  moderates  the  effects  of  radiation. 

According  to  Professor  Tyudall,  so  enormous  is  the  absorbent 
jKjwer  of  aqueous  vapour,  that  10  per  cent,  of  the  terrestrial  railia- 
tioD  is  stopped  within  10  feet  above  the  surface  of  the  ground  in 
Kngland,  and  were  the  aqueous  vapour  which  floats  in  our  atmo- 
sf)here  removed  for  one  summer  night,  every  plant  would  be 
destroyed  by  the  freezing  temperature. 

Althoii<:h  part  of  the  heat  received  from  the  sun  in  summer  is 
radiated  back  again,  by  far  the  greater  part  sinks  into  the  earth's 
surface,  and  tempers  the  severity  of  the  winter's  cold  while  passing 
through  the  atmosphere  into  the  ethereal  regions. 

The  earth  is  about  3,000,000  of  miles  nearer  to  the  sun  in  winter 
than  in  summer,  but  the  rays  strike  the  northern  hemisphere  more 
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obliquely  in  winter  than  in  the  other  half  of  the  year ;  and  Pro- 
fessor Secchi  has  shown  that  on  that  account  the  atmosphere 
absorbs  more  of  the  8un*s  heat  in  winter  than  in  summer.  At 
Home,  in  the  finest  season  of  the  year,  he  found  that,  when  the  sun 
i^  in  the  zenith,  the  atmosphere  absorbs  one-fourth  of  the  heat 
during  the  vertical  transit  of  his  rays ;  when  they  fall  at  the  dis- 
tance of  60  degrees  from  the  zenith,  the  loss  is  one-half,  and  con- 
tinues to  be  very  rapid  as  the  obliquity  increases.  Thus  the 
difference  between  the  summer  and  winter  temperature  depends 
chiefly  on  the  absorbing  power  of  the  atmosphere.  The  Professor 
observes  that  the  absorbed  heat  is  not  lost,  but  supplies  the  greater 
|)art  of  that  which  is  radiated  into  space.^ 

Sir  John  Herschel  has  shown  that  the  elliptical  form  of  the 
earth's  orbit  has  but  a  trifling  share  in  producing  the  variation  of 
temperature  corresponding  to  the  difference  of  seasons  ;  for  although 
in  one-half  of  its  orbit  the  earth  is  nearer  the  sim  than  in  the  other 
half,  its  motion  is  so  much  more  rapid  in  the  former  than  in  the 
latter,  that  it  is  exposed  for  a  shorter  time  to  the  sun  s  influence  : 
thus  a  compensation  takes  place,  and  an  equal  distribution  of  light 
and  heat  is  accorded  to  both  hemispheres. 

But  on  accoimt  of  the  present  position  of  the  earth's  orbit,  the 
direct  heating  power  of  the  sun  in  summer  is  greater  by  nearly  one- 
eighteenth  of  its  whole  intensity  in  the  southern  than  in  the 
northern  hemisphere,  in  equal  latitudes  and  under  equal  circum- 
stances of  exposure ;  for  that  reason  the  sufferings  of  travellers  in 
the  southern  deserts  are  much  more  intolerable  than  in  the  northern. 
In  the  account  of  the  exploring  expedition  into  the  interior  of  Aus- 
tralia, -  Captain  Sturt  mentions  that  "the  ground  was  almost  a 
molten  surface ;  and  if  a  match  accidently  fell  on  it,  it  immediately 
ignited.'*  Sir  John  Herschel  has  observed  the  temperature  of  the 
surface-soil  in  South  Africa  as  high  as  159°  Fahrenheit.*  By  direct 
experiments  made  at  Bome,  Professor  Secchi  found  that  a  thermo- 
meter exposed  to  the  sun  in  an  open  field,  and  slightly  covered 
with  earth,  rose  to  150°*6  Fahrenheit  at  half  past  one  o'clock  in  the 
month  of  July,  which  differs  only  by  8°*4:  from  that  of  South  Africa. 

Diurnal  variations  of  heat  are  perceptible  only  to  a  small  distance 
below  the  surface  of  the  ground,  because  the  earth  is  a  bad  con- 
ductor :  the  annual  influence  of  the  sun  penetrates  much  farther ; 
at  the  equator,  where  the  heat  is  greatest,  it  descends  deeper  than 


*  The  following  are  the  results  of  Professor  Secchi'a  experiments : — 
Sun's  zenith  distances         ..      ..     0°      20^     40*^      60®      SQP 
Remaining  quantity  of  solar  heat  | 

transmitted  through  the  atmo-!0'72     0*70     0*64     0*51     0*16 

sphere  at  Rome        | 

'  Sir  J.  Herschers  Outlines  of  Astronomy,  p.  218,  1849. 
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elsewhere,  with  a  diminishing  intensity ;  but  there,  and  everywhere 
throughout  the  globe,  there  is  a  stratum,  at  a  depth  varying  from 
40  to  100  feet  below  the  surface  of  the  ground,  where  the  tempera- 
ture never  varies,  and  is  nearly  the  same  as  the  mean  temperature 
of  the  country.  This  zone,  unaffected  by  the  sun's  heat  from 
above,  or  by  the  internal  heat  from  below,  serves  as  an  origin 
wlienco  the  effects  of  solar  heat  are  estimated  on  one  hand,  and 
the  internal  temperature  of  the  globe  on  the  other.  Below  it 
the  heat  of  the  earth  increases,  as  already  mentioned,  at  the 
rate  of  one  degree  of  Fahrenheit's  thermometer  for  every  60  feet 
of  perpendicular  depth ;  were  it  to  continue  increasing  at  that  rate, 
every  substance  would  be  in  a  state  of  fusion  at  the  depth  of  21 
miles;  hitherto,  however,  the  experiments  in  mines  and  artesian 
wells,  whence  the  earth's  temperature  below  the  constant  stratum 
is  ascertained,  have  not  been  extended  below  1700  feet.* 

M.  Elie  de  Beaumont  has  estimated  by  the  theory  of  Fourier, 


*  The  protuberant  matter  at  the  earth's  equator  occasions  a  uut^tion  in 
the  lunar  orbit,  and  the  action  of  the  sun  and  moon  on  that  protuberant 
matter  produces  those  inequalities  in  the  earth's  rotation  known  as  the 
Luni-Solar  Nutation  and  Precession.  (Sec  Connexion  of  Physical  Sciences, 
sections  .5  and  11.)  These  inequalities  have  been  computed  on  the  hypo- 
thesis of  the  earth  being  a  solid  mass.  Mr.  Hopkins  has  found  that  the 
result  would  be  the  same  if  the  earth  consisted  of  a  solid  shell,  enclosing  a 
nucleus  of  liquid  fire,  provided  the  shell  were  from  800  to  1000  miles  in 
thickness.  According  to  the  actual  increase  of  internal  heat,  the  earth 
must  be  in  fusion  at  the  depth  of  21  miles,  a  circumstance  equally  incon- 
sistent with  the  precedinsj  result,  and  with  the  amount  of  precession. 
H<»wever,  the  temperature  at  which  fusion  takes  place  is  probably  different 
at  different  depths  on  account  of  the  enormous  pressure.  (See  Connexion 
of  Physical  Sciences,  p.  83.)  Now  Mr.  Hopkins  has  recently  shown  that,  if 
the  pressure  has  no  effect  in  increasing  the  temperature  of  fusion,  the 
existing  temperature  cannot  be  due  to  original  central  heat,  but  if  it  does 
affect  it,  then,  along  with  the  increasing  tendency  of  heat  to  prevent 
solidification  as  the  depth  increases,  there  would  be  an  increasing  tendency 
to  promote  it,  by  rendering  the  mass  fusible  at  a  higher  temperature. 
According  as  one  or  other  of  these  tendencies  predominates,  different  cases 
occur ;  consequently  the  internal  state  of  the  globe  may  be  determined  by 
experiments  on  the  effect  of  high  pressure  on  the  temperature  of  fusion. 
Were  the  earth  composed  of  a  solid  shell  filled  with  fiuid  matter,  the  lava 
would  stand  at  the  same  height  in  all  volcanoes,  which  it  does  not ;  and 
the  same  would  happen  if  the  globe  had  a  solid  nucleus  from  high  pressure, 
and  a  solid  crust  from  refrigeration,  with  matter  between,  which  is  one 
of  the  possible  cases  arising  from  Mr.  Hopkins's  investigation.  He  shows, 
however,  that  from  various  circumstances  the  solid  nucleus  and  the  solid 
crust  may  be  so  united  at  intervals  as  to  divide  the  molten  matter  into 
(>asins  or  seas  of  lava,  which  may  be  at  different  levels  below  the  surface,  a 
state  that  agrees  better  than  any  other  with  the  phenomena  of  volcanoes. 
Professor  Belli,  of  Pavia,  thinks  that  in  different  volcanoes  the  lava  stands 
.It  equal  heights. 
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and  from  the  observations  of  M.  Arago,  that  the  quantity  of  central 
heat  which  reaches  the  surface  of  the  earth  is  capable,  in  the 
course  of  a  year,  of  melting  a  shell  of  ice  a  quarter  of  an  inch  thick  ^ 
covering  the  globe. 

The  superficial  temperature  of  the  earth  is  great  at  the  equator, 
it  decreases  gradually  towards  the  poles,  and  is  an  exact  mean  be- 
tween the  two  at  the  45th  parallel  of  latitude  ;  but  a  multitude  (tf 
causes  disturb  this  law,  even  between  the  tropics.  It  is  aflfecteil 
chiefly  by  the  unequal  distribution  of  land  and  water,  by  the  height 
above  the  sea,  by  the  nature  of  the  soil,  and  by  vegetation  ;  so  that 
a  line  drawn  on  a  map  through  all  the  places  where  the  mean  tem- 
perature of  the  earth  is  the  same  would  be  very  far  from  coinciding 
¥nth  the  parallels  of  latitude,  but  would  approximate  more  to  them 
as  it  approaches  the  equator.  Between  the  tropics  the  temj)erature 
of  the  earth's  surface  is  greater  in  the  interior  of  continents  than 
on  the  sea-coasts  and  islands,  and  in  the  interior  of  Africa  it  is 
greater  than  in  any  other  part  of  the  globe. 

Temperature  depends  upon  the  property  all  bodies  jx)ssess,  more 
or  less,  of  i)erpetually  absorbing  and  emitting  or  radiating  heat. 
When  the  interchange  is  equal,  the  temperature  of  a  substance 
remains  the  same  ;  but  when  the  radiation  exceeds  the  absorption, 
it  becomes  colder,  and  vice  versa.  The  temperature  of  the  air  is 
certainly  raised  by  the  passage  of  the  solar  heat  through  it,  l)ecause 
it  absorbs  one-third  of  it  before  reaching  the  earth,  but  it  is  chiefly 
warmed  by  heat  transmitted  and  radiated  from  the  earth.  The 
radiation  is  abundant  when  the  sky  is  still,  clear,  and  blue,  but 
clouds  intercept  it ;  so  that  a  thermometer  rises  in  cloudy  weather, 
and  sinks  when  the  air  becomes  clear  and  calm ;  even  a  slight  mist 
diminishes  radiation  from  the  earth,  because  it  returns  as  much 
heat  as  it  receives.  The  temperature  of  the  air  is  subject  to  such 
irr^ularities  from  these  circumstances,  from  the  difterence  in  the 
radiating  i)owcr8  of  the  bodies  at  the  surface  of  the  globe,  that 
it  is  necessary  to  find,  by  experiment,  the  mean  or  average  warmth 
of  the  day,  month,  and  year,  at  a  great  variety  of  places,  in  order 
to  have  a  standard  by  which  the  temperature  in  diflerent  parallels 
of  latitude  may  be  compared. 

An  approximation  to  the  mean  diurnal  temj^erature  of  the  nir,  at 
any  place,  is  equal  to  half  the  sum  of  the  greatest  and  least  heights 
of  the  thermometer  during  24  hours ;  and  as  the  height  of  the 
thermometer  is  twice,  in  the  course  of  that  time,  equal  to  the  mean 
temperature  of  the  place  of  observation,  it  might  seem  easy  to 
obtain  its  value;  yet  that  is  not  the  case,  for  a  small  error  in 
observation  produces  a  very  great  one  in  such  minute  quantities,  no 


*  Annales  des  Sciences  geologiques,  par  M.  Riviere,  1842. 
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that  accuracy  can  only  be  attained  from  the  average  of  a  great 
number  of  observations,  by  which  the  errors,  sometimes  in  excess 
and  sometimes  in  defect,  neutralize  or  balance  each  other.  Ihe 
mean  value  of  quantities  is  a  powerful  aid  to  the  imperfections  of 
our  nature  in  arrivinj]^  at  truth  in  physical  inquiries,  and  in  none 
more  than  in  atmospheric  phenomena.  Almost  all  the  certain  know- 
ledge man  has  acquired  with  regard  to  the  density  and  temperature 
of  the  air,  winds,  rain,  &c.  has  been  acquired  by  that  method. 

The  mean  tcm])erature  of  any  one  month  at  the  same  place  differs 
from  one  year  to  another,  but  the  mean  temperature  of  the  whole 
year  remains  nearly  the  same,  esi)ecially  when  the  average  of  a 
j^reat  lunnber  of  years  is  taken  into  consideration :  for  although  the 
temperature  in  any  one  place  may  be  subject  to  very  great  varia- 
tions, yet  it  never  deviates  more  than  a  few  degrees  from  its  mean 
state.* 

The  motion  of  the  sun  in  the  ecliptic  occasions  perpetual  varia- 
tions in  the  length  of  the  day,  and  in  the  direction  of  his  rays  with 
rciianl  to  the  earth ;  yet,  as  the  cause  is  periodic,  the  mean  annual 
temperature  from  the  sun*s  motion  alone  must  be  constant  in  each 
l^arallel  of  latitude.  For  it  is  evident  that  the  accumulation  of 
heat  in  the  long  days  in  summer,  which  is  but  little  diminished  by 
radiation  during  the  short  nights,  is  balanced  by  the  small  quantity 
of  heat  received  during  the  short  days  of  winter  and  its  radiation  in 
the  long  frosty  and  clear  nights.*  Were  the  different  points  of  the 
globe  everywhere  on  a  level  with  the  surface  of  the  sea,  and  of 
uniform  substance,  so  as  to  absorb  and  radiate  heat  equally,  the 
mean  heat  of  the  sun  would  be  regularly  distributed  over  its  sur- 
fiue  in  zones  of  equal  annual  temperature  parallel  to  the  equator, 
and  would  decrease  regularly  to  each  pole.  The  distribution  of 
heat,  however,  in  the  same  ])arallel  is  very  irregular  in  all  latitudes, 
even  Utween  the  tropics,  from  the  inequalities  in  the  level  and 
nature  of  the  surface  of  the  earth,  so  that  lines  drawn  on  a  map 
through  all  places  having  the  same  mean  annual  temperature  are 


'  Till'  mean  of  any  number  of  unequal  quantiticii  is  equal  to  their  sum 
divided  by  their  number.  To  ascertain  the  mean  annual  temperature  at 
any  |)lace  accurately,  the  mean  of  a  great  number  of  years  mu^t  be  taken. 

^  The  wannest  time  of  the  day  is  between  two  and  three  in  the  after- 
noon ;  tlic  cohlest.  shortly  before  sunrise  ;  but  on  mountain-tops,  where  the 
otlects  of  nuliiition  from  the  ground  are  comparatively  small,  the  time  of 
greatest  warmth  depends  on  the  direct  rays  of  the  sun,  and  is  therefore  a  little 
before  noon.  The  maximum  annual  temperature  occurs  about  the  middle  of 
July  in  the  northern  hemisphere,  the  minimum  is  in  January;  so  that  the 
lormer  takes  place  some  time  after  the  summer  solstice,  because  the  earth 
absorbs  more  heat  than  it  radiates  during  that  interval,  and  for  the  contrary 
reason  the  greatest  cold  is  some  time  after  the  winter  solstice;  the  mean 
takes  place  in  April  and  October, 
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nearly  parallel  to  the  equator  only  between  the  tropics :  in  all  other 
latitudes  they  deviate  greatly  from  it,  and  from  one  another.* 
Radiation  is  the  principal  modifying  cause  of  temperature ;  hence 
the  heat  of  the  air  is  most  powerfully  modified  by  the  ocean,  which 
occupies  three  times  as  much  of  the  surface  of  the  globe  as  the  land, 
and  is  more  uniform  in  its  surface,  and  also  in  its  radiating  power. 
Its  volume  is  400  times  greater  than  that  of  the  atmosphere,  and 
the  evaporation  over  its  surface  is  so  great  that,  were  it  not  restored, 
it  would  depress  its  level  about  five  feet  annually ;  the  quantity  of 
heat  absorbed  in  this  manner,  and  again  liberated  during  rain,  is 
enormous.  On  the  land,  the  difference  in  the  radiating  force  of  the 
mountains  and  table -lands  from  that  of  the  plains — of  deserts  from 
grounds  covered  with  rich  vegetation — of  wet  land  from  dry,  is 
the  most  general  cause  of  variation. 

There  are  two  points  in  the  northern  hemisphere,  both  in  the 
80th  parallel  of  latitude,  where  the  cold  is  more  intense  than  in  any 
other  part  of  the  globe  with  which  we  are  acquainted.  One  N.  of 
Canada,  in  80°  N.  lat.  and  100°  W.  long.,  has  a  mean  temperature 
of  —  3°*5  of  Fahrenheit ;  while  at  the  Siberian  point,  in  95^  E. 
long.,  the  mean  temperature  of  the  air  is  +1°;  consequently  it 
is  four  and  a  half  degrees  warmer  than  that  N.  of  Canada — a  differ- 
ence that  has  an  influence  even  to  the  equator,  where  the  mean 
temperature  of  the  air  is  different  in  different  longitudes.  Sir 
David  Brewster  has  computed  that  the  mean  temperature  of  the 
North  Pole  of  the  earth's  rotation  is  not  under  5°  of  Fahrenheit, 
and  may  be  even  17°,  supposing  the  ocean  to  extend  so  far,  which 
there  is  every  reason  to  believe  that  it  does ;  but  M.  Arago's  esti- 
mate on  the  hypothesis  of  there  being  land  at  the  North  Pole 
makes  the  cold  much  greater,  for  land  increases  the  cold  by 
abstracting  heat  from  the  air  in  high  latitudes,  and  augments  the 
heat  by  radiation  in  low  latitudes. 

The  line  of  the  maximum  temperature  of  the  atmosphere,  or  the 
atmospheric  thermal  equator,  which  cuts  the  terrestrial  equator  in 
the  meridians  of  Tahiti  and  Singapore,  passing  through  the  Pacific 
in  its  southern  course,  and  through  the  Atlantic  in  its  northern,  has 
a  mean  temperature  of  83°'84  of  Fahrenheit.  But  by  the  com- 
parison of  many  observations  the  mean  equatorial  temperature  of 
the  air  is  82°-94  in  Asia,  85°10  in  Africa,  and  80^*9G  in  America  : 
thus  it  appears  that  tropical  Africa  is  the  hottest  region  on  earth. 
Moreover,  the  atmosphere  in  the  tropical  zone  of  the  Pacific,  when 
free  from  currents,  is  two  degrees  and  a  quarter  warmer  than  the 
corresponding  zone  in  the  Atlantic,  which  is  82°'40.     Local  circum- 


1  Lines  drawn  on  a  map  or  globe  through  all  places  where  the  mean 
annual  temperature  is  the  same  are  called  isothermai  lines. 
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stances  increase  both  heat  and  cold  immensely;  in  the  Nubian 
Desert,  for  example,  a  heat  of  150**  of  Fahrenheit  in  the  sun,  and 
130°  in  the  shade,  has  been  observed.  Perhaps  the  greatest  degree 
of  heat  on  record  was  that  experienced  by  Captain  GriflSths  near 
the  Euphrates,  where  the  thermometer  stood  at  156°  in  the  sun, 
and  132°  in  the  shade.  In  December,  1738,  at  Kiringa,  in  Siberia, 
Gmelin  is  said  to  have  experienced  cold  of  —  80° ;  the  gentlest  breeze 
would  have  rendered  that  cold  fatal  by  the  rapid  abstraction  of  heat 
from  the  body,  in  December,  1866,  at  Nulato,  a  post  of  the 
Russian  Fur  Company,  on  the  Lower  Yukon,  the  thermometer  fell 
to  -  58°  Fahr.,  90°  below  freezing. 

On  account  of  the  great  extent  of  o^ean,  the  isothermal  lines  in 
the  southern  hemisphere  coincide  more  nearly  with  the  parallels  of 
latitude  than  in  the  northern.  In  the  Pacific  Ocean  the  only 
flexure  is  occasioned  by  the  cold  of  the  S.  polar  current,  which  flows 
along  the  western  coast  of  the  American  continent.  In  the  northern 
hemisphere  the  predominance  of  land  and  its  frequent  alternations 
with  water,  the  prevalence  of  particular  winds,  irregularities  of  the 
surface,  and  the  difference  in  the  temperature  of  the  points  of  maxi- 
mum cold,  cause  the  isothermal  lines  to  deviate  more  from  the 
parallels  of  latitude.  They  make  two  deep  bends  northward,  one 
in  the  Northern  Atlantic  and  another  in  the  N.W.  of  America,  and 
at  last  they  separate  into  two  parts,  and  encircle  the  points  of 
maximum  cold. 

Professor  Dove  has  shown  that,  in  consequence  of  the  excess  of 
land  in  the  northern  hemisphere,  and  the  difference  in  the  effect 
produced  by  the  sun's  heat  according  as  it  falls  on  a  solid  or  Rquid 
surface,  there  is  an  annual  variation  in  the  aggregate  mean  tempera- 
ture at  the  surface  of  the  earth,  whose  maximum  takes  place  during 
the  sun's  northern  declination,  and  its  minimum  during  its  southern.' 

§  2.  Places  having  the  same  mean  annual  temperature  often  differ 
materially  in  climate :  in  some  the  winters  are  mild  and  the  sum- 
mers cool,  whereas  in  others  the  extremes  of  heat  and  cold  prevail ; 
England  is  an  example  of  the  first ;  Quebec,  St.  Petersburg,  and 
tlie  Arctic  regions,  are  instances  of  the  second.  The  solar  heat  pene- 
trates more  abundantly  and  deeper  into  the  sea  than  into  the  land ; 
in  winter  the  sea  preserves  a  considerable  portion  of  that  which  it 
receives  in  summer,  and  from  its  saltness  does  not  freeze  so  soon  as 

*  For  example,  Professor  Dove  has  found  that  the  mean  temperature  of 
December,  January,  and  February,  at  Toronto,  in  Canada,  added  to  the 
mean  temperature  of  the  same  months  at  Hobart  Town,  in  Tasmania, 
exceeds  the  sum  of  the  mean  temperature  of  June,  July,  and  August,  at 
the  same  places,  added  together,  by  22°'7  of  Fahrenheit.  Similar  results, 
though  varying  in  amount,  were  obtained  for  many  corresponding  stations 
in  the  two  hemispheres,  which  establishes  the  law  given  in  the  text. 
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fresh  water ;  hence  the  ocean  is  not  liable  to  the  same  changes  of 
temperature  as  the  land,  and  by  imparting  its  heat  to  the  winds  it 
diminishes  the  severity  of  the  climate  on  the  coasts  and  in  islands, 
which  are  never  subject  to  such  extremes  of  temperature  as  are 
experienced  in  the  interior  of  continents.  The  difference  between 
the  influence  of  sea  and  land  is  strikingly  exemplified  in  the  high 
latitudes  of  the  two  hemispheres.  In  consequence  of  the  unbounded 
extent  of  the  ocean  in  the  south,  the  air  is  so  mild  and  moist  that  a 
rich  vegetation  covers  the  ground,  while  in  the  corresponding  lati- 
tudes in  the  N.  the  country  is  barren  from  the  excess  of  land 
towards  the  Polar  Ocean,  which  renders  the  air  dry  and  cold.  A 
superabundance  of  land  in  the  equatorial  regions,  on  the  contrary, 
raises  the  temperature,  while  the  sea  tempers  it. 

Professor  Dove  has  shown  from  a  comparison  of  observations,  that 
Northern  and  Central  Asia  have  what  may  be  termed  a  true  con- 
tinental climate  both  in  summer  and  in  winter — that  is  to  say,  a 
hot  summer  and  cold  winter ;  that  Europe  has  a  true  insular  or  sea 
climate  in  both  seasons,  the  summers  being  cool  and  the  winters 
mild;  and  that  in  North  America  the  climate  is  inclined  to  be 
continental  in  winter  and  insular  in  summer.  The  extremes  of 
temperature  in  the  year  are  greater  in  Central  Asia  than  in  North 
America,  and  greater  in  North  America  than  in  Europe,  and  that 
difference  increases  everywhere  with  the  latitude.  In  Guiana, 
within  the  tropics,  the  difference  between  the  hottest  and  coldest 
months  in  the  year  is  only  2°*2  of  Fahrenheit,  in  the  temperate 
zone  it  varies  from  20°  to  50°,  and  at  Yakutsk,  in  Siberia,  is  10(i°. 
Even  in  places  which  have  the  same  latitude  as  in  Northern  Asia, 
compared  with  others  in  Europe  or  North  America,  the  difference  is 
very  great.  At  Quebec  the  summers  are  as  warm  as  those  in  Paris, 
and  grapes  sometimes  ripen  in  the  open  air,  yet  the  winters  are  as 
severe  as  those  in  St.  Petersburg.  In  short,  lines  drawn  on  a  map 
through  places  having  the  same  mean  summer  or  winter  temperature 
are  neither  parallel  to  one  another  nor  to  the  isothermal  or  isogeo- 
thermal  lines,  and  they  differ  still  more  from  the  parallels  of  latitude.* 

Observations  tend  to  prove  that  all  the  climates  on  the  earth  are 
stable,  and  have  remained  so  from  the  remotest  historical  periods ; 


^  In  the  same  manner  as  isothermal  lines  are  supposed  to  pass  through 
all  parts  of  the  glohe  where  the  mean  temperature  of  the  air  is  the  same, 
so  the  isogeotherroal  lines  are  supposed  to  pass  through  all  places  where 
the  mean  heat  of  the  ground  is  the  same :  the  isothermal  lines  are  supposed 
to  be  drawn  though  all  places  having  the  same  mean  summer  temperature ; 
and  the  isochimenal  lines  pass  through  all  places  where  the  mean  winter 
temperature  is  the  same.  The  practice  of  representing  to  the  eye  these 
lines  on  a  map  or  terrestrial  globe  is  of  great  use  in  following  and  under- 
standing the  complicated  phenomena  of  temperature  and  magnetism. 
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and  that  their  vicissitudes  are  only  oscillations  of  greater  or  less 
extent,  which  vanish  in  the  mean  annual  temperature  of  a  sufficient 
number  of  years.  There  may  be  a  succession  of  cold  summers  and 
mild  winters,  but  in  some  other  country  the  contrary  takes  place ; 
the  distribution  of  heat  may  vary  from  a  variety  of  circumstances, 
but  the  absolute  quautity  gaiued  and  lost  by  the  whole  earth  in  the 
course  of  a  year  is  invariably  the  same.^ 

Since  the  air  rtceives  its  warmth  chiefly  from  the  earth,  its  tem- 
perature diminishes  with  the  height  so  rapidly  that  at  a  very  small 
elevation  the  cold  becomes  excessive,  as  the  perpetual  snow  on  the 
mountain- tops  clearly  shows.  Besides,  as  the  warm  air  ascends,  it 
expands,  and,  its  capacity  for  heat  being  increased,  more  is  ab- 
sorbed, which  gradually  diminishes  the  sensible  heat  shown  by  the 
thermometer ;  the  decrease  is  nearly  at  the  rate  of  a  degree  of 
Fahrenheit's  thermometer  for  every  300  feet.  By  computations 
founded  on  the  capacity  of  the  air  for  heat,  and  absorption  of  the 
solar  light  in  the  atmosphere,  Fourier  has  estimated  the  temperature 
of  the  ethereal  regions  to  be  —  50^  of  Fahrenheit,  while  M.  Pouillet 
makes  —220°  from  direct  experiments  on  the  radiation  of  terrestrial 
heat  into  a  clear  blue  sky  during  the  night.  Sir  John  Ilerschel 
supposes  it  to  be  about  —239°. 

§  3.  The  atmosphere,  being  a  heavy  and  elastic  fluid,  decreases  in 
density  upwards,  according  to  a  determinate  law,  so  rapidly,  that 
three-fourths  of  the  whole  air  which  constitutes  it  are  within  four 
miles  of  the  earth,  and  all  the  phenomena  perceptible  to  us — as 
clouds,  rain,  snow,  and  thunder — occur  within  that  limit.  The  air 
oven  on  the  tops  of  mountains  is  so  rare  ai  to  diminish  the  intensity 
of  sound,  to  affect  respiration,  and  to  occasion  a  loss  of  muscular 
strength  in  man  and  animals.* 

^  According  to  the  reseai'ches  of  M.  Arago,  the  climate  of  France  hiw 
not  altered  since  a  century  before  the  Christian  era,  that  is,  in  a  period  of 
nearly  2000  years;  and  M.  Dureau  de  la  Malle  has  arrived  at  the  con- 
clusion that  the  climate  of  Italy  has  not  varied  from  the  time  of  Cato  the 
Censor,  who  died  147  years  before  Christ,  to  the  present  time,  or  in  20 
centuries,  by  comparing  the  times  of  ripening  of  different  vegetables  and 
plants,  the  periods  of  the  vintage,  and  of  the  harvest,  as  given  in  the 
writings  of  Varro,  Columella,  &c.,  with  the  ripenings  and  harvests  as  they 
take  place  at  present,  and  in  the  same  localities. — Dureau  de  la  Malle  sur 
la  Climatologie,  &c.,  de  I'ltalie,  &c.,  Paris,  1850, 8vo.  It  has  been  established 
by  actual  (»b.«-ervation  of  the  thermometer  that  the  climate  of  Central  Italy 
has  not  varied  since  the  time  of  Galileo,  220  years  ago. 

*  It*  the  heights  above  the  earth  increase  by  equal  quantities,  as  a  foot 
or  a  mile,  the  densities  of  the  strata  of  air,  or  the  heights  of  the  barometer 
which  are  proportional  to  them,  will  decrease  in  geometrical  progression: 
tor  example,  if  the  height  of  the  barometer  at  the  level  of  the  sea  be 
291)22  inches,  it  will  be  14-961  inches  at  the  height  of  18,000  feet,  or 
one-half  as  great ;  it  will  be  one-fourth  as  great  at  the  height  of  36,000 
feet,  one-eighth  at  the  height  of  54,000  feet  and  so  on. 
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Since  the  space  in  the  top  of  the  tube  of  a  barometer  is  a  vacuum, 
the  column  of  mercury  is  suspended  in  the  tube  by  the  pressure  of 
the  atmosphere  on  the  surface  of  the  mercury  in  the  cistern :  hence 
every  variation  in  the  density  or  height  of  the  atmosphere  occasions 
a  corresponding  rise  or  fall  in  the  barometric  column.  The  actual 
mean  pressure  of  the  atmosphere  at  the  level  of  the  sea  is  between 
14|  and  15  pounds  on  the  square  inch  ;  hence  the  pressure  on 
the  whole  earth  is  enormous.  It  is  equal  to  the  weight  of  a  solid 
globe  of  lead  60  miles  in  diameter. 

The  decrease  in  the  density  of  the  air  affords  an  accurate  method 
of  finding  the  height  of  mountains  above  the  level  of  the  sea,  which 
would  be  very  simple,  were  it  not  for  changes  of  temperature  and 
moisture  which  alter  the  amount  of  the  pressure  and  interfere  with 
the  regularity  of  the  law  of  its  decrease.  But  as  the  heat  of  the 
air,  as  before  stated,  diminishes  with  the  height  above  the  earth 
at  the  rate  of  one  degree  of  Fahrenheit's  thermometer  for  every 
300  feet,  tables  are  constructed  by  the  aid  of  which  heights  may 
be  determined  with  considerable  accuracy.  In  consequence  also  of 
diminished  pressure,  water  boils  at  a  lower  temperature  on  moun- 
tain-tops than  at  the  level  of  the  sea,  which  affords  another  method, 
although  less  exact,  of  ascertaining  heights.' 

By  the  annual  and  diurnal  revolutions  of  the  earth,  each  column 
of  air  is  alternately  exposed  to  the  heat  and  cold  of  summer  and 
winter,  of  day  and  night ;  and  also  to  variations  occasioned  by  the 
attraction  of  the  moon,  producing  tides  similar  to  those  of  the  ocean, 
although  in  a  less  marked  degree.  These  lunar  tides  ebb  and  flow 
twice  during  a  lunation ;  'their  extent  has  been  satisfactorily  deter- 
mined at  stations  within  the  tropics.  Variations  to  a  much  larger 
extent  are  produced  by  the  action  of  the  sun's  heat  on  the  atmo- 
sphere ;  they  accomplish  their  rise  and  fall  twice  in  the  24  hours, 


^  A  very  ingenious  little  instrument,  called  the  Aneroid  Barometer,  has 
been  invented  by  M.  Vidi,  of  Paris ;  which,  at  the  same  time  that  it  forms 
an  exact  and  very  portable  iceather-glass  m  the  common  acceptation  of 
that  term,  may  be  employed  with  considerable  accuracy  in  ascertaining 
differences  of  level.  Although  not  to  be  compared,  as  an  instrument  of 
precision,  with  the  ordinary  mercurial  barometer,  it  is  infinitely  more 
portable,  and  gives  with  promptitude  and  accuracy  small  differences  of 
pressure ;  it  will  be  found,  under  proper  precautions,  and  comparison  from 
time  to  time  with  the  mercurial  barometer,  a  most  useful  companion  to 
the  traveller  in  mountain  districts. 

A  friend  of  the  author's  tested  it  in  the  latter  respect  on  some  of  our 
railways,  and  found  that  observations  made  with  it  carefully  will  give,  on 
a  line  of  200  miles  in  extent  (on  the  Great  Western  Railway,  for  instance, 
between  London  and  Plymouth),  the  relative  levels  of  the  different  stations 
within  a  very  few  feet.  The  observations  can  be  made  in  a  couple  of 
minutes.  The  aneroid  barometer  is  a  very  useful  instrument  to  the  geo- 
logical and  the  botanical  traveller. 
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and  are  entirely  due  to  the  effects  of  temperature  on  the  air  and  the 
moisture  contained  in  it,  by  which,  according  to  Mr.  Dove's  re- 
searches, independent  pressures  on  the  mercurial  column  in  the 
barometer  are  occasioned^ 

A  quantity  of  vapour  is  continually  raised  by  the  heat  of  the  sun 
from  the  surface  of  the  globe,  which  mixes  in  an  invisible  state  with 
the  dry  air  or  gaseous  part  of  the  atmosphere.  It  is  most  abundant 
in  the  torrid  zone,  and,  like  the  heat  on  which  it  depends,  varies 
with  the  latitude,  the  season  of  the  year,  the  time  of  the  day,  the 
elevation  above  the  sea,  and  also  with  the  nature  of  the  soil,  the  land, 
and  the  water.  There  is  no  chemical  combination  between  the 
aerial  and  aqueous  atmospheres,  they  are  merely  mixed ;  and  the 
diurnal  variations  arise  from  the  superposition  of  two  distinct 
diurnal  oscillations,  each  going  through  its  complete  period  in  24 
hours ;  one  taking  place  in  the  aerial  atmosphere  from  the  alternate 
heating  and  cooling  of  the  air,  which  produce  a  flux  and  reflux  over 
the  point  of  observation ;  the  other  arising  from  the  aqueous  atmo- 
sphere, owing  1o  the  alternate  production  and  destruction  of  vapour 
by  the  heat  of  the  day  and  the  cold  of  the  night  The  diurnal 
variations  of  the  vapour  have  their  maximum  at  or  near  the  hottest 
hour  of  the  day,  and  their  minimum  at  or  near  the  coldest,  which  is 
exactly  the  converse  of  the  diurnal  variations  of  the  dry  air.  On 
the  whole  there  are  two  maxima  and  two  minima  heights  of  the 
barometer  in  the  course  of  24  hours  from  the  combinations  of  these, 
but  in  the  interior  of  continents  far  from  water,  where  the  air  is 
very  dry,  there  ought  to  be  one  maximum  and  one  minimum  during 
that  period  according  to  this  theory.  That  appears  to  be  actually 
the  case  in  some  parts  of  Asiatic  Siberia,  and  of  the  interior  of  NorUi 
America  during  the  winter  season,  when  there  is  scarcely  any 
aqueous  vapour  present  in  the  atmosphere. 

Between  the  tropics  the  barometer  attains  its  greatest  height  at 
half-past  nine  in  the  morning ;  it  then  sinks  till  half-past  four  in 
the  afternoon,  after  which  it  again  rises  and  attains  a  second 
maximum  at  half-past  ten  in  the  evening ;  it  then  begins  to  fall  till 
it  reaches  a  second  time  its  lowest  point  at  half-past  three  in  the 


*  The  moon's  orbit  is  very  mtich  elongated,  so  that  her  distance  from 
the  earth  varies  considerably,  and  conMeqnently  her  attractive  force. 
Moreover,  her  attraction  varies  with  the  rotation  of  the  earth,  which 
brings  her  twice  in  24  boors  in  the  meridian  of  any  place,  once  in  the 
superior  and  once  in  the  inferior  meridian;  but  her  attractive  action 
on  the  atmosphere  is  much  inferior  to  that  of  the  sun.  The  amount  of 
the  moon's  attractive  force  on  the  atmosphere  was  first  deduced  by  General 
Sabine  (Phil.  Trans.  1847  and  1852)  from  the  observations  made  at  the 
Colonial  Observatories  of  St.  Helena  and  Singapore,  and  found  by  him  to 
be  0-570  of  an  inch  in  lat.  1°  3',  and  0-365  in  16*'. 
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morning.     The  mean  difference  in  the  height  ia  0117  of  an  inch, 
which  gradually  decreases  N.  and  S.     Humboldt  mentions  that  the 
diurnal  variations  of  the  barometric  pressure  are  so  regular  between 
the  tropics  that  the  hour  of  the  day  may  be  inferred  from  the 
height  of  the  mercury  to  within  15  or  16  minute.^  and  that  it 
is  undisturbed  by  rain,  or  earthquake,  bjth  on   the  coasts  and 
at  altitudes   13,000  feet  above   them.      Among   the   results  obr 
tained  at  Kew  from  observations  made  during  numerous  voyages, 
it  appears  that  between  5°  and  10°  N.  latitude  the  range  of  the 
barometer  is  so  small  and  so  regular  as  to  time,  that  a  larometer 
may  be  verified  in  crossing  that  zone  with  perfect  confidence.     The 
mean  height  of  the  barometer  between  the  tropics  at  the  level  of  the 
sea  is  30  inches  with  very  little  fluctuation,  but,  owing  to  the 
ascending  currents  of  air  from  the  heat  of  the  earth,  it  is  less  under 
the  equator  than  in  temperate  zones,  and  the  decrease  towards  the 
equator  is  extremely  regular.     It  attains  a  maximum  in  Western 
Europe  between  the  parallels  of  40°  and  45° ;  in  the  North  Atlantic 
the  maximum  is  about  the  30th  parallel,  and  in  the  southern  part  of 
that  ocean  it  is  near  the  tropic  of  Capricorn  ;  the  amplitude  of  the 
oscillations  decreases  from  the  tropics  to  about  the  70th  parallel, 
where  the  diurnal  variations  cease.   They  are  affecteti  by  the  seasons, 
being  greatest  in  summer  and  least  in  winter.     It  appears  also  that 
the  fluctuations  are  the  reverse  on  mountain- toi>s  from  what  they 
are  on  the  plaius,  and  probably  at  a  certain  height  they  would  cease 
altogether.*    It  is  a  singular  fact,  discovered  during  Sir  James  C.  Ross's 
last  voyage,  that  the  mean  height  of  the  barometer  is  lower  through- 
out the  Antarctic  Ocean  and  at  Cape  Horn  than  it  is  at  the  Cape 
of  Good  Hope  or  Valparaiso.     It  depends  upon  there  being  less  air 
and  more  vapour  in  the  southern  than  in  the  northern  hemisphere. 
For  the  enormous  quantity  of  vapour  raised  by  evaporation  from 
that  vast  expanse  of  ocean  permanently  expels  a  large  portion  of  the 
atmosphere,  just  as  steam  expels  air  from  a  boiler,  and  that  is  proved 
by  the  mean  height  of  the  barometer  being  301  between  the  equator 
and  78°  37'  N.  lat.,  while  its  mean  height  in  70° S.  lat.  is  only  290. 
Hence  the  depression  observed  by  Sir  James  Ross.    A  similar  de- 
pression near  the  sea  of  Okhotsk,  in  Eastern  Siberia,  is  recorded  by 
M.  Ermann.     But  in  this  case  it  is  the  cold  that  condenses  the 
yapour  into  clouds,  heat  is  liberated,  which  swells  out  the  su[)erin- 


*  Mr.  Pentland  has,  however,  found  within  the  tropics,  in  the  Peru- 
Bolivian  Andes,  at  elevations  between  11,000  and  14,000  feet,  the  horary 
oscillations  of  the  barometer  as  regular,  and  nearly  as  extensive,  as  on  the 
level  of  the  sea  in  the  same  latitude ;  they  have  also  been  found  to  observe 
the  same  regularity  at  still  more  elevated  stations  in  the  Himalayas, 
although  the  extent  of  the  oscillation  was  less,  owitig  possibly  to  the  extra- 
tropical  position  of  that  region. 
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cumbent  air  and  diminishes  the  pressure.    A  considerable  amount 
of  investigation  has  recently  been  given  by  Mr.  Buchan,  the  Secretary 
of  the  Scottish  Meteorological  Society,  to  the  question  of  the  distri- 
bution of  atmospheric  pressure  over  the  globe,  during  the  different 
months  of  the  year.    He  finds  that  in  July,  the  lowest  pressures 
are  distributed  over  the  continents,  and  the  larger  the  continental 
mass  the  greater  the  depression,  and  that  the  high  pressures  are 
distributed  over  the  oceans,  between  50°  N.  and  50°  S.  lat.,  the 
highest  pressures  occurring  in  those  parts  of  the  ocean  mo«Bt  com- 
pletely enclosed  by  the  continents.    In  January,  on  the  contrary, 
the  isobaric  lines  show   a  pressure  above  the   average  which   is 
almost  confined  to  the  northern  hemisphere,  and  is  highest  of  all  in 
Central  and  Northern  Asia,  while  a  low  pressure  prevails  in  the 
southern  hemisphere  and  in  the  North  Atlantic,  having  its  greatest 
depression   in   Iceland.     The   mean  annual  atmospheric   pressure 
shows  two  regions  of  high  pressure  passing  round  the  earth  in  broad 
belts  to  the  N.  and  S.  of  the  equator.     Between  them  is  the  tropical 
belt  of  low  pressure,  in  the  centre  of  which  is  a  narrower  belt  of 
still   lower  pressure  towards  which  the  trade-winds  blow.      The 
regions  of  low  pressure  are  round  the  poles,  the  most  remarkable 
being  that  round  the  S.  pole.      From   the  registers  of  100,000 
observations,  it  is  shown  that  the  mean  pressure  diminishes  from 
29-740  inches,  in  lat.  45°  to  50°  S.,  to  28960  inches,  in  lat.  75**  to 
80°  S.     The  low  pressures  are  the  result  either  of  high  temperature, 
or  of  an  excessive  amount  of  vapour  in  the  atmosphere.    Aacending 
currents  of  air  prevail  in  all  regions  of  low  pressure,  and  pour  over 
in  the  upper  currents  of  the  atmosphere  into  the  regions  of  high 
pressure. 

§  4.  Besides  the  small  horary  undulations,  there  are  vast  wavefl 
moving  over  the  oceans  and  continents  in  separate  and  independent 
systems,  being  confined  to  local  yet  very  extensive  districts,  always 
accompanied  with  continued  rains  or  dry  weather  over  wide  tracts 
of  country.  By  numerous  barometrical  observations  made  simul- 
taneously in  both  hemispheres,  the  courses  of  several  have  been 
traced,  some  of  which  take  24,  others  36  hours,  to  accomplish  their 
rise  and  fall.  One  especially  of  these  vast  barometric  waves,  many 
hundreds  of  miles  in  breadth,  has  been  traced  over  the  greater  part 
of  Euro{)e,  and  not  its  breadth  only,  but  also  the  direction  of  its 
front  and  its  velocity,  have  been  clearly  ascertained.  The  course 
of  another  wave  has  been  made  out  from  the  Cape  of  Good  Hope, 
through  many  intermediate  stations,  to  the  observatory  at  Toronto 
in  Canada.  Since  every  undulation  has  its  perfect  effect  inde- 
pendently of  the  others,  each  one  is  marked  by  a  change  in  the 
barometer,  and  may  be  beautifully  represented  by  curved  lines  on 
pai)er,  constructed  from  a  series  of  observations.     The  general  form 
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of  the  curve  shows  the  character  of  the  principal  wave,  while  small 
undulations  in  its  outline  mark  the  maxima  and  minima  of  the 
minor  oscillations.  Although,  like  all  other  waves,  these  in  the 
atmosphere  are  but  waving  forms,  in  which  there  is  no  transfer  of 
air,  yet  winds  arise  from  them,  and  Sir  John  Herschel  is  of  opinion 
that  the  crossing  of  two  of  these  vast  aerial  waves,  coming  in 
different  directions,  may  generate  at  the  point  of  intersection  those 
tremendous  revolving  storms,  or  hurricanes,  which  spread  desolation 
far  and  wide. 

The  air  expands  and  becomes  lighter  with  heat,  contracts  and 
becomes  heavier  with  cold,  and,  as  there  are  82  degrees  of  difference 
between  the  equatorial  and  polar  temperature,  the  light  warm  air  at 
the  equator  is  constantly  ascending  to  the  upper  regions  of  the 
atmosphere,  and  flowing  N.  and  S.  towards  the  poles,  from  whence 
the  cold,  dry,  and  consequently  heavy  air  rushes  to  supply  its 
place,  since  the  same  tendency  to  restore  equilibrium  exists  in  air 
as  in  water  and  other  fluids.  Now  the  winds  from  the  poles  blow  in 
the  upper  regions  of  the  atmosphere,  and,  as  they  have  no  rotary 
motion  when  they  leave  the  poles,  they  are  deflected  from  their  me- 
ridional course  by  the  continually  increasing  velocity  of  the  earth's 
rotation  as  they  approach  to  the  equator.  But  these  polar  winds, 
being  cold,  dry,  and  heavy,  sink  down  at  the  tropics  and  become 
surface  winds ;  and  as  they  still  revolve  slower  than  the  correspond- 
ing parts  of  the  earth  at  which  they  successively  arrive,  the  bodies 
on  its  surface  strike  against  them  with  the  excess  of  their  velocity, 
80  that  the  wind,  to  a  person  who  thinks  himself  at  rest,  blows  in  a 
direction  contrary  to  that  of  the  earth's  rotation.  For  that  reason 
a  current  from  the  N.  becomes  the  N.E.  trade-wind  after  arriving 
at  the  tropic  of  Cancer,  and  one  from  the  S.  becomes  the  S.E.  trade- 
wind  after  leaving  the  tropic  of  Capricorn.  These  two  winds  con- 
tinue their  course,  and,  when  they  arrive  at  the  equator,  being  highly 
rarefied,  they  probably  rise,  cross  each  other,  and  then  each  pursues 
its  course  as  an  upper  current  till  they  come  to  the  tropics ;  and 
now  being  chilled  in  the  higher  regions,  they  sink  down,  cross  again, 
and  each  flows  along  the  surface  to  the  poles,  where  there  would  be 
an  accumulation  of  air  if  they  did  not  cross  and  rise  to  the  surface  of 
the  atmosphere  to  begin  a  new  oourse. 

It  was  shown  that  the  easterly  direction  of  the  trade-winds  is 
caused  by  currents  of  air  coming  along  the  surface  of  the  globe  with 
less  rotary  motion  than  the  places  they  successively  arrive  at ;  on  the 
contrary,  the  surface  currents  that  flow  from  the  tropics  to  the  poles 
have  a  greater  rotary  motion  than  the  latitudes  they  successively 
come  to ;  therefore  they  become  a  N.W.  wind  in  the  southern 
hemisphere,  and  a  S.W.  wind  in  the  northern ;  which  are  the  pre- 
yailing  winds  in  the  extratropical  latitudes.    In  fact,  the  difference 
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of  temperature  puts  the  air  in  motion,  and  the  direction  of  the 
resulting  wind  at  every  place  depends  upon  the  difference  between 
the  rotary  motion  of  the  wind  and  the  rotary  motion  of  the 
earth ;  the  whole  theory  of  the  trade-winds  depends  upon  these 
circumstances. 

Thus,  in  each  of  the  temperate,  and  in  each  of  the  torrid  zones, 
there  are  two  currents  of  wind,  an  upper  and  an  under  current, 
blowing  contemporaneously  in  opposite  directions.  Wherever  these 
currents  cross  there  is  a  region  of  calms,  because  they  balance  or 
neutralize  each  other  through  a  certain  space  and  then  go  on.  Hence 
there  is  a  belt  of  calms  a  little  N.  of  the  equator,  which  girdles  the 
eaith  with  a  mean]  breadth  of  six  degrees :  on  each  side  of  this  are 
the  trade-winds,  of  which  the  N.E.  trade-wind  is  the  narrowest,  on 
account  of  the  excess  of  land  in  the  northern  hemisphere :  then  come 
the  calms  of  Caucer  and  Capricorn,  or  Doldrums  of  the  sailors ; 
then  the  extratropical  winds ;  and  lastly  the  polar  calms. 

That  the  winds  cross  one  another  in  the  calm  belts  there  seems  to 
be  no  doubt.  For  example,  two  winds  proceed  from  the  calm  belt 
of  Cancer  that  blow  along  the  surface  of  the  earth  :  one  from  its  S. 
side  in  a  steady  breeze,  which  is  the  N.E.  trade-wind;  another 
wind  comes  from  the  N.  side  of  the  same  belt  of  calms,  which  blows 
to  the  N.E.,  and  forms  the  south-westerly  winds  so  prevalent  in  the 
North  Atlantic.  They  leave  the  calm  belt  loaded  with  vapour, 
which  is  precipitated  as  they  pass  into  a  colder  zone,  and  they 
supply  all  the  springs  and  rivers  in  the  northern  hemisphere  wiUi 
water.  Now  these  S.W.  winds  do  not  obtain  that  enormous  quan- 
tity of  vapour  while  crossing  the  Atlantic,  for  they  probably  give  by 
rain  as  much  as  they  receive  by  evaporation,  therefore  it  can  only 
come  from  the  southern  hemisphere.  Tlie  S.E.  trade-winds  carry 
the  moisture  evaporated  from  the  great  southern  ocean  to  the 
equator ;  there  they  rise  into  the  higher  regions  of  the  atmosphere, 
and  blow  as  an  upper  current  to  the  calm  belt  of  Cancer ;  and  now, 
being  chilled,  they  sink  down  and  come  out  from  the  N.  side  of  the 
ciilm  belt  as  the  rainy  S.W.  winds  of  the  extratropical  northern 
hemisphere.  The  very  same  reasoning  applies  to  the  calm  belt  of 
(iJapriconi,  the  direction  of  the  winds  alone  being  different  Thus 
it  has  been  considered  that  the  winds  in  their  circuits  cross  in  the 
calm  regions. 

The  polar  calms  where  the  winds  cross  are  not  points  but  spaces 
of  considerable  extent,  whose  existence  is  proved  both  by  observa- 
tions and  theory,  for  Parry  and  Barrow  found  reasons  during  their 
voyages  in  the  Arctic  Circle  to  believe  that  there  is  a  perpetual  calm 
at  the  N.  pole  ;  Bellot  also  records  the  existence  of  a  calm  region  in 
the  frigid  zone ;  and  Professor  J.  H.  CoSin,  by  a  lalwrious  investi- 
gation of  the  winds  of  the  northern  hemisphere,  has  determined  the 
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region  of  N.  Polar  calms  to  be  situated  in  84°  N.  lat  and  105°  W. 
long. ;  consequently  the  pole  of  the  winds  coincides  with  the  pole 
of  maximum  cold  determined  by  Sir  David  Brewster,  for  the 
pole  of  maximum  cold  is  no  more  a  point  than  the  pole  of  the  winds, 
but  an  area  of  some  extent.  The  great  currents  of  air,  like  the 
oceanic  rivers,  or  great  currents  of  the  sea,  both  unite  in  tempering 
the  excess  of  heat  in  the  tropics,  and  of  cold  in  the  polar  and  tem- 
perate regions. 

Rain-dust  has  been  most  wonderfully  the  means  of  proving  that 
the  trade-winds  after  meeting  at  the  equator  rise  up,  cross,  and  con- 
tinue their  course  as  upper  currents.  A  brick-red  dust  has  fre- 
quently fallen  in  large  quantities  on  ships  in  the  Atlantic,  especially 
about  the  Cai^e  de  Verd  islands,  which  was  supposed  to  be  brought 
by  the  winds  from  the  deserts  of  Africa ;  but  specimens  of  it  having 
been  examined  by  Professor  Ehrenberg,  from  the  Cape  de  Verd 
islands,  from  Malta,  Genoa,  Lyons,  and  the  Tyrol,  he  found  that 
they  all  consisted  of  infusoria  and  organisms  whose  habitat  is  South 
America;  and  Captain  Maury  considers  it  "as  an  established 
fact,  that  there  is  a  perpetual  upper  current  of  air  from  South 
America  to  North  Africa,  and  that  the  volume  of  air  which  flows  to 
the  northward  in  these  upper  currents  is  nearly  equal  to  the  volume 
which  flows  to  the  southward  with  the  N.E.  trade-winds."  Clouds 
carried  by  an  upper  current  are  frequently  seen  flying  in  a  contrary 
direction  to  those  nearer  to  the  earth,  and  it  is  a  well-known  fact 
that  the  trade-winds  have  a  limited  vertical  extent  of  about  three 
miles,  and  that  at  a  certain  elevation,  on  the  top  of  the  Peak  of 
Tenerifife  for  example,  the  wind  blows  in  an  entirely  contrary 
direction  from  that  prevailing  at  the  same  time  at  the  level  of  the 
sea.^ 

Near  the  equator  the  trade-winds,  N.  and  S.  of  it,  so  completely 
neutralize  each  other,  that  far  at  sea  a  candle  burns  without  flicker- 
ing. This  zone  of  calms  and  light  breezes,  known  as  the  VaritibUs, 
is  subject  to  heavy  rains  and  violent  thunder-storms.  On  account 
of  the  unequal  distribution  of  land  and  water  in  the  northern  and 
southern  hemispheres,  the  terrestrial  equator  is  not  the  line  of 
greatest  heat,' therefore  the  centre  of  the  zone  of  equatorial  calms  in 
question  does  not  coincide  with  it,  but  runs  along  the  sixth  parallel 
of  N.  latitude  ;  however,  it  changes  in  position  and  extent  with  the 
decliDation  of  the  sun.  In  summer  it  is  found  between  the  paral- 
lels of  8°  and  14°  of  N.  lat.,  and  in  spring  it  lies  between  5°  S.  and  4° 
N.  lat.  In  fact,  the  whole  system,  including  the  calm  belts  at  the 
tropics,  the  trade-winds,  and  the  zone  of  equatorial  calms,  follows 


*  In  the   Atlantic   the   S.E.  trade-wind   Mows  with   most   regularity 
between  10°  and  5°,  and  with  moet  force  between  10°  and  15°  S.  lat.  ' 
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the  sun'a  motion  io  declination,  moving  backwards  and  forwards 
unuuBlly  a  thousaud  miles  in  latitude,  nearly.  In  raid-ocean  in  the 
Atlantic,  tlie  north  tradea  prevail  between  latitudes  9°  and  3C,  and 
in  the  I'aciQc  between  latitudes  9°  and  2()°;  and  tbe  touih  trade* 
in  the  Atlantic,  between  latitudes  4°  N.  and  22°  8.,  and  in  the 
IVific  between  latitudes  4°  N.  and  23J°  S.  These  limits  are, 
however,  not  fCatiouarj,  but  follDW  the  sun,  advancing  northwards 
from  January  to  June,  and  retreating  southwards  from  July  lo 
December. 

Tbe  rejiion  of  equatorial  calms  is  a  belt  of  about  4°  or  5°  in 
breadth,  strctcliing  across  the  Atlantic  and  the  Pacific,  generally 
parallel  lu  the  equator.  It  has  a  lower  atmospheric  jiressure  than 
the  regions  of  the  trades,  and  it  is  subject  daily  Ui  heavy  rains  and 
thunderstorms.  In  the  Indian  Ocean  thin  belt  of  calms  wholly  dis- 
apiwars  during  the  S.W.  monsoon.' 

Thus,  though  the  trade-winds  extend  to  the  28th  d^ree  uu 
each  side  of  tlie  equator,  their  limits  vary  considerably  in  different 
parts  of  the  ocean,  moving  to  tbe  N,  or  S.,  according  to  the  position 
of  the  sun;  and  in  the  Atlantic  the  N.E.  trade-wind  is  less  st«ady 
than  the  S.E.  These  pervnnial  winds  are  known  by  recvut  observa- 
tion to  be  less  uniform  in  tlie  Pacific  than  in  the  Atlantic;  they 
only  blow  iienuanently  over  that  portion  between  tlie  Galapagos 
Archipelago,  off  the  coast  of  America,  and  tlie  Marquesas.  In  the 
Indian  Ocean  the  S.E.  trade-wind  blaw«  from  a  few  degrees  E.  of 
Madagascar  to  the  coast  of  Australia,  between  10°  and  28°  S. 
lat.  The  trade-winds  are  only  constant  far  from  land,  because 
the  diminished  atmospheric  pressure  from  the  heating  effects  of  the 
suu  on  conlinenta  and  islaudx  combined  with  the  rotation  of 
the  earth  ciianges  them  iuto  periodical  monsoons,  which  are  steady 
currents  of  ait  in  the  Arabian  Gulf,  the  Indian  Ocean,  and  the 
China  Seas. 

When  the  sun  has  crossed  the  equator,  and  his  vertical  rays  fall 
on  the  extensive  and  arid  plains  of  Asia,  the  great  mass  of  super- 
incumbent air,  being  higidy  rarefied,  ascends,  and  winds  from  all 
iiei;;hbouring  re>;ions  converge  to  this  space  by  indraught.  But 
siucu  the  calms  of  Cancer  do  not  extend  lo  the  Indian  Ocean,  tbe 
S.E.  trade-winds  |)as3  into  tbe  northern  hemisphere;  and  as  they 
also  are  drawn  iuto  the  vortex  over  the  land  to  maintain  the  equili- 
brium, they  are  deflected  from  their  course,  and,  being  at  <XKe 
act«d  upon  by  the  indraught  to  (he  heated  plains  and  the  rotation  of 
the  earth,  ihey  become  S.W.,  S.,  S.E.,  and  E.  monsoons  at  different 
\maU  un  tbe  coa^it  of  Asia.  But  as  toon  as  the  sun  passes  into  the 
southern  hcniisplierc  the  Asiatic  plains  become  cool,  and  the  S.E. 

1  Buchan's-UuHlrBoDkoflfettorologT.'    2nd  Eilitioit. 
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trade-winds  resume  their  wonted  course,  and  from  October  to  April 
they  become  the  S.E.  monsoon,  so  that  the  S.E.  trade-wind  in  the 
Indian  Ocean  is  alternately  a  trade-wind  and  a  monsoon. 

The  influence  of  these  heated  plains  upon  the  winds  is  felt  for  a 
thousand  miles  and  more  at  sea.  Thus,  though  the  desert  of  Gobi 
and  the  sun-burned  plains  of  Asia  are  for  the  most  part  north  of 
the  latitude  of  30°,  their  influenoe  in  producing  monsoons  is  felt 
S.  of  the  equator.  In  like  manner  the  Central  American  monsoons 
of  the  Pacific  are  caused  by  the  heated  plains  of  Utah  and  Texas ; 
those  of  the  Mexican  Gulf  by  the  dry  lands  of  New  Mexico ;  and 
the  monsoons  in  the  Gulf  of  Guinea  by  the  sandy  deserts  of  Africa. 
Thus  the  monsoons  are  not  occasioned  by  the  sun's  action  on  the 
sea,  but  by  his  action  on  the  land ;  and  it  is  to  the  N.  of  the  N.E. 
trade-winds  that  most  of  these  deserts  lie.^  Similarly  also,  the 
heated  interior  of  Australia  causes  an  indraught  of  air  during  the 
time  that  the  sun  is  S.  of  the  equator,  and  a  N.W.  monsoon  caused 
by  the  reversal  of  the  S.E.  trades,  brings  rain  to  all  the  northern 
coast  of  that  island-continent. 

The  Society  and  Sandwich  Islands,  that  are  far  removed  from  any 
large  extent  of  land,  have  a  very  singular  but  marked  effect  upon 
the  wind.  They  interfere  with  the  trades  very  often,  and  turn 
them  back,  for  westerly  and  equatorial  winds  are  common  at  both 
these  groups,  but  they  are  local  and  of  little  extent. 

The  changes  of  the  monsoons  are  accompanied  by  heavy  rain  and 
violent  storms  of  thunder  and  lightning.  The  ascent  of  the  warm 
air  between  the  tropics  occasions  a  depression  of  the  barometer 
amounting  to  the  tenth  of  an  inch,  which  is  a  measure  of  the  force 
producing  the  trade-winds.*  In  both  hemispheres  there  is  a  regular 
variation  in  the  mean  height  of  the  barometer  within  the  zone  in 
which  these  great  aerial  currents  flow ;  it  is  higher  at  their  polar 
limits,  and  decreases  with  extreme  uniformity  towards  their  equa- 
torial boundaries,  the  difference  in  both  hemispheres  being  0*55  of 
an  inch. 

The  unequal  temperature  of  the  land  and  sea  causes  sea-breezes 
which  blow  towards  the  land  during  the  day,  and  land-breezes 
which  blow  seaward  in  the  night:  the  former  are  by  much  the 
strongest,  for  the  difiference  of  the  temperature  of  the  air  over  the 
land  and  over  the  sea  is  greater  during  the  day  than  in  the  night ; 
they  are  not  perceptible  in  the  mornings  and  evenings,  because  the 


*  *  Physical  Geography  of  the  Sea.'    (Maury.) 

*  Sir  John  Herschel  has  observed  that,  on  account  of  the  upper  flow  of 
heated  air  not  heing  immediately  compensated  hy  polar  currents,  the 
barometer  is  two-tenths  of  an  inch  higher  at  the  tropics  than  at  the  equator. 
Ermason,  by  careful  observations  in  the  Pacific  and  Atlantic  oceans,  makes 
this  difierence  only  0*15  of  an  inch,  which  is  that  stated  in  the  text. 
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temperature  of  the  land  and  water  is  then  nearly  the  same.  In 
the  early  morning  the  sea  is  calm  and  the  wind  at  rest,  but  when 
the  sun  has  warmed  the  land  it  rarefies  the  air  above  it,  which 
ascends,  and  cool  air  from  the  ocean  comes  to  supply  its  place.  At 
first  it  appears  far  off  as  a  fitful  dark  line  upon  the  glassy  sea ;  then 
it  comes  in  a  gentle  ripple,  which  by  degrees  freshens  into  a  brisk 
breeze,  changing  the  molten  surface  into  the  deepest  azure.  At  sun- 
set the  land  begins  to  radiate  its  heat  into  space ;  by  degrees  the 
breeze  dies  away,  till  the  air  over  the  earth  becomes  cooler  and 
heavier  than  that  over  the  sea,  snd  a  land-wind  rises  which  lasts 
till  morning.  It  is  impossible  to  describe  how  grateful  these  breezes 
are  in  a  tropical  country — drooping  nature  revives  under  their 
benign  influence. 

The  trade-winds  and  monsoons  are  permanent,  depending  on  the 
motion  of  the  sim;  but  it  is  evident  from  theory  that  there  must 
be  partial  winds  in  all  parts  of  the  earth,  occasioned  by  the  local 
circumstiOnccs  that  affect  the  temperature  of  the  air.  Consequently 
the  atmosi)here  is  divided  into  districts,  both  over  the  sea  and  land, 
in  which  the  winds  have  nearly  the  same  vicissitudes  from  year  to 
year.  The  regularity  is  greatest  towards  the  tropics,  where  the 
causes  of  disturbance  are  fewer.  In  the  higher  latitudes  it  is  more 
difficult  to  discover  any  regularity  on  account  of  the  greater  pro- 
portion of  land,  the  difference  in  its  radiating  power,  and  the  greater 
extremes  of  heat  and  cold ;  besides,  on  account  of  the  form  of  the 
earth,  the  extratropical  surface-^vinds  come  into  areas  vastly  less 
than  those  they  have  left,  consequently  they  are  compressed  or 
heai)ed  up,  which  makes  them  more  ready  to  come  into  conflict 
with  those  winds  that  may  be  raised  by  local  causes.  But  even  in 
these  latitudes  a  degree  of  uniformity  prevails  in  the  succession  of 
the  winds ;  for  example,  in  all  places  where  N.  and  S.  winds  blow 
alternately,  a  vane  veers  through  every  point  of  the  compass  in  the 
transition,  and  in  some  places  the  wind  makes  several  of  these 
gyrations  in  the  course  of  the  year.*    The  south-westerly  winds 


'  In  the  northern  hemisphere  a  north  wind  sets  out  with  a  less  rotary 
motion  than  the  places  have  at  which  it  successively  arrives,  consequently 
it  veors  through  all  the  points  of  the  compass  from  N.  to  N.E.  and  £,  If  a 
south  wind  should  now  spring  up,  it  would  gradually  veer  from  S.  to  S.W. 
and  W.,  because  its  rotary  velocity  w^ould  be  greater  than  that  of  the 
places  it  successively  comes  to.  The  combination  of  the  two  would  cause 
a  vane  to  veer  from  E.  to  S.E.  and  S. ;  but  the  rotation  of  the  earth  would 
now  cause  the  south  wind  to  veer  round  from  S.  to  S.W.  and  W. ;  and 
should  a  north  wind  now  rise,  its  combination  with  the  west  wind  would 
bring  the  vane  round  from  W.  to  N.W.  and  N.  again.  At  the  Greenwich 
Observatory  the  wind  makes  five  gyrations  in  that  direction  in  the  ooone 
of  a  year,    in  Europe  it  is  the  contention  of  the  N.E.  and  S.W.  winds.which 
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so  prevalent  in  the  Atlantic  Ocean  between  the  30th  and  60th 
degrees  of  N.  latitude  are  produced  by  the  under-current  going 
N,  from  the  calm  belt  of  Cancer,  and,  as  it  has  a  greater  rotatory 
motion  than  the  earth  in  these  latitudes,  it  produces  a  south- 
westerly wind.  On  this  account  the  average  voyage  from  Liverjxx)! 
to  New  York  in  a  sailing-vessel  is  40  days,  while  it  is  only  23  days 
from  New  York  to  Liverpool.  For  the  same  reason  the  average 
direction  of  the  vrind  in  England,  France,  Germany,  Denmark, 
Sweden,  and  North  America,  is  some  point  between  S.  and  W. 
North-westerly  ivinds  prevail  in  the  corresponding  latitudes  of  the 
southern  hemisphere  from  the  same  cause.  In  fact,  whenever 
the  air  has  a  greater  velocity  of  rotation  than  the  surface  of  the 
earth,  a  wind  more  or  less  westerly  is  produced ;  and  when  it  has 
less  velocity  of  rotation  than  the  earth,  a  wnnd  having  an  easterly 
tendency  results.  Thus  there  is  a  j^erpetual  change  between  the 
different  masses  of  the  atmosphere,  the  warm  air  temj)eriug  the 
cold  of  the  higher  latitudes,  and  the  cold  air  mitigating  the  heat  of 
the  lower ;  it  will  be  shown  afterwards  that  the  aerial  currents  are 
the  bearers  of  elements  on  which  the  life  of  the  animal  and  vege^ 
table  world  depends. 

A  rapid  fall  in  the  barometer  is  an  invariable  sign  of  an  approach- 
ing gale ;  so  certain,  that  no  ship,  much  less  a  coasting-vessel  on 
our  dangerous  coasts,  ought  to  be  without  one,  either  to  give 
warning  not  to  sail,  or  to  seek  immediate  shelter  if  at  sea.  This 
simple  and  cheap  instrument  might  have  saved  hundreds  who  have 
annually  perished  in  the  British  seas.  A  sudden  and  great  fall  in  the 
mercury  is  also  a  fearful  presage  of  a  revolving  tempest  or  hurricane. 

§  5.  Hurricanes  are  those  storms  of  wind  in  which  the  portion  of 
the  atmosphere  that  forms  them  revolves  in  a  horizontal  circuit 
round  a  vertical  or  somewhat  inclined  axis  of  rotation,  while  the 
axis  itself,  and  consequently  the  whole  storm,  is  carried  forwards 
along  the  surface  of  the  globe,  so  that  the  direction  in  which  the 
storm  is  advancing  is  quite  different  from  the  direction  in  which 
the  rotatory  current  may  be  blowing  at  any  point ;  the  progressive 
motion  may  continue  for  days,  while  the  wind  accomplishes  many 
gyrations  through  all  the  points  of  the  compass  in  the  same  time. 
In  the  Atlantic  the  principal  region  of  hurricanes  is  to  the  E.  of 
the  West  India  islands,  and  in  the  Indian  Ocean  to  the  E.  of  the 
island  of  Madagascar:  consequently  the  former  is  in  the  northern 
hemisphere,  the  latter  in  the  southern  ;  but  in  most  cases  the  storm 
moves  in  an  elliptical  or  parabolic  curve.    The  West  Indian  hurri- 


caoses  the  rotation  of  the  wind  and  the  principal  changes  of  weather,  the 
S.W.  being  warm  and  moist,  the  N.E.  cold  and  dry,  except  where  it  comes 
orer  the  North  Sea. 
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canes  generally  have  their  origin  eastward  of  the  Lesser  Antilles 
or  Caribbean  islands,  and  the  western  vortex  of  their  path  near  the 
tropic  of  Cancer,  or  about  the  exterior  limit  of  the  N.E.  trade-wind« 
The  motion  of  the  storm,  before  it  reaches  the  tropic,  is  nearly  in  a 
straight  line  from  S.E.  to  N.W.,  and  after  it  has  passed  the  tropic 
from  S.W.  to  N.E.,  the  convexity  of  the  curve  is  turned  towards 
Florida  and  the  Carolinas.  In  the  South  Pacific  Ocean  the  body  of 
the  storm  moves  in  an  exactly  opposite  direction.  The  harricanes 
which  originate  S.  of  the  equator,  and  whose  initial  path  is  from 
N.E.  to  S.W.,  turn  near  the  tropic  of  Capricorn,  and  then  trend 
from  N.W.  to  S.E.,  so  that  the  convexity  of  the  curve  is  turned 
towards  Madagascar. 

The  West  Indian  hurricanes  occur  most  frequently  from  July  to 
October.  Typhoons  on  the  coasts  of  Hindostan  happen  from  May 
to  October,  most  often  in  July,  August,  and  September.  In  the 
South  Indian  Ocean  they  fall  between  November  and  May  during 
tlie  N.W.  monsoon  in  the  Indian  Archipelago. 

In  the  Atlantic  these  dreadful  storms  are  caused  by  the  irregu- 
larity in  the  temperature  of  the  Gulf-stream  and  of  the  neighbouring 
regions,  both  of  air  and  water.  A  difference  of  48°  Fahr.  has  been 
observed  between  the  temperature  of  that  stream  and  the  air  on 
each  side  of  it,  whence  Captain  Maury  concludes  that  "  the  excess  of 
heat  daily  brought  into  such  a  region  by  the  waters  of  the  Gulf- 
stream  would,  if  suddenly  stricken  from  them,  be  sufficient  to  make 
the  column  of  the  superincumbent  atmosphere  hotter  than  melted 
iron.  With  such  an  element  of  atmospherical  disturbance  in  its 
bosom,  we  might  expect  storms  of  the  most  violent  kind  to  accompany 
it  in  its  course.  Accordingly,  the  most  terrific  that  rage  in  the  ocean 
have  been  known  to  spend  their  fury  within  or  near  its  borders." 

The  extent  and  velocity  of  the  Atlantic  humcanes  are  very  great ; 
the  most  rapid  move  at  the  rate  of  45  miles  an  hour.  The  hurricane 
which  took  place  on  the  12th  of  August,  1830,  was  traced  from  the 
eastward  of  the  Caribbean  islands  to  the  banks  of  Newfoundland,  a 
distance  of  more  than  3000  miles,  which  it  passed  over  in  six  days. 
Although  that  of  the  1st  of  September,  1821,  was  not  so  extensive, 
its  velocity  was  greater,  as  it  moved  at  the  rate  of  30  miles  an  hour. 
The  Bahama  hurricane  of  October,  1866,  moved  at  the  speed  of  30 
miles  an  hour,  when  it  was  nearing  Bermuda ;  but  the  violence  and 
destructiveness  of  the  hurricane  depend  not  on  the  velocity  with 
which  the  whole  storm  moves,  but  on  the  sp)eed  with  which  the 
winds  whirl  round  and  in  uiK>n  the  centre.  In  the  Bahama  hur- 
ricane this  was  at  the  rate  of  80  to  100  miles  an  hour,  and  for  short 
intervals  even  120  to  130  miles  an  hour,  a  velocity  like  that  which 
was  registered  during  the  Guadaloupe  hurricane  of  September,  1865. 
Small  storms  are  generally  more  rapid  than  those  of  great  magnitude. 
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Sometimes  they  appear  to  be  stationary,  sometimes  they  stop  and 
again  proceed  on  their  course,  like  water-spouts.  Hurricanes  are 
often  contemporaneous,  and  occur  near  to  one  another.  This  hap- 
pened in  the  China  Seas  in  October,  1840,  when  the  two  storms  met 
at  an  angle  of  47°,  and  it  was  supposed  that  the  ship  'Golconda' 
foundered  in  that  spot  with  300  people  on  board.  A  hurricane  has 
been  split  or  divided  by  a  mountain  into  two  separate  stonns,  each 
of  which  continued  its  new  course,  and  the  gyrations  were  made 
with  increased  violence.  This  occurred  in  the  gale  of  the  25th  of 
December,  1821,  in  the  Mediterranean,  when  the  Spanish  mountains 
and  the  maritime  Alps  became  new  centres  of  motion. 

The  whirling  motion  of  these  fearful  storms  begins  in  the  higher 
regions  of  the  atmosphere  before  it  is  felt  on  the  earth.  During 
their  course  there  is  a  continual  intermixture  of  tlie  lower  and 
warmer  strata  of  air  with  those  that  are  higher  and  colder,  pro- 
ducing torrents  of  rain,  and  sometimes  violent  electric  explosions. 

The  rotation  as  well  as  the  course  of  the  storm  is  in  a  different 
direction  in  the  two  hemispheres,  though  always  alike  in  the  same. 
In  the  northern  the  gyratory  movement  of  the  wind  is  from  E., 
through  the  N.,  to  W.,  S.,  and  B.  again  ;  while  in  the  southern 
hemisphere  the  rotation  about  the  axis  of  the  storm  is  in  the  con- 
trary direction.  Hurricanes  happen  S.  of  the  equator  between 
December  and  April ;  in  the  West  Indies  between  June  and  October. 
Rotatory  storms  frequently  occur  in  the  Indian  Ocean,  and  the 
typhoons  of  the  China  Seas  are  real  hurricanes  of  groat  violence. 
Both  conform  to  the  laws  of  such  winds  in  the  northern  hemisphere. 
The  Atlantic  storms  occasionally  reach  Spain,  Portugal,  and  the 
coast  of  Ireland.  Tremendous  storms  often  pass  over  Great  Britain, 
and  lesser  ones  often  occur  between  the  Chops  of  the  Channel  and 
Madeira.  A  great  hurricane  passed  over  Ireland  and  the  west  coast 
of  England  in  January,  1839.  A  strong  gale  had  blown  from 
S.S.E.  on  the  6th,  when  about  10  in  the  evening  the  air  became 
calm  and  warm,  which  was  evidently  during  the  passage  of  the  axis 
of  the  storm,  for  soon  after  the  gale  was  renewed  with  the  utmost 
violence,  but  now  it  was  from  the  S.W.  and  W.S.W.,  and  on  the 
evening  of  the  7th  was  accompanied  by  snow,  thunder,  lightning, 
and  intense  cold.  At  Leeds,  70  miles  distant  from  the  Irish  Sea, 
and  separated  from  it  by  a  ridge  of  hills,  there  was  everywhere  a 
saline  deposit. 

Recent  investigations  have  shown  that  the  storms  of  Europe 
and  North  America  move  from  W.  to  E.,  or  from  S.W.  to  N.E., 
and  that  the  winds  circle  round  the  area  of  least  pressure,  with  a 
constant  tendency  to  turn  inwards  towards  that  area. 

The  temperature  of  winds  depends  upon  the  nature  of  the  surface 
over  which  they  blow.    In  Europe  the  coldest  and  driest  wind  is 
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from  the  N.  and  N.N.E. ;  in  America  it  is  from  the  N.  and  N.N.  W., 
because  both  come  from  the  polar  ice,  and  sweep  over  extensiye 
tracts  of  land.  The  warm  and  moist  winds  in  Europe  are  from  the 
S.W.,  because  they  blow  over  a  great  extent  of  ocean,  especially  on 
the  western  side  of  the  continent.  The  Puna  winds  which  blow 
on  the  barren  table-land  of  Puna  to  the  E.  of  Arequipa,  in  Peru,  are 
cold,  dry  winds,  which,  having  crossed  the  Cordilleras,  have  become 
parched  to  an  extent  which  has  no  equal  anywhere  in  the  world. 
When  a  mule  dies  in  crossing  these  plains  it  is  dried  to  a  mummy 
in  a  few  days.  In  this  district  the  ancient  inhabitants  of  Peru  pre- 
served their  dead ;  and  travellers  have  to  protect  their  faces  from 
the  glare  and  heat  of  the  day,  and  the  intense  cold  of  the  night. 

The  revolving  motion  accounts  for  the  sudden  and  violent  changes 
observed  during  hurricanes.  In  consequence  of  the  rotation  of  the 
air,  the  wind  blows  in  opposite  directions  on  each  side  of  the  axis  of 
the  storm  ;  and  the  violence  of  the  blast  increases  from  the  circum- 
ference towards  the  centre  of  gyration,  but  in  the  centre  itself  the 
air  is  in  repose :  hence,  when  the  body  of  the  storm  passes  over  a 
place,  the  wind  begins  to  blow  moderately,  and  increases  to  a  hur- 
ricane as  the  centre  of  the  whirlwind  approaches  ;  then  in  a  moment 
a  dead  and  awful  calm  succeeds,  suddenly  followed  by  a  renewal 
of  the  storm  in  all  its  violence,  but  now  blowing  in  a  direction 
diametrically  opposite  to  what  it  had  before.  This  hap|xjned  in  the 
island  of  St.  Thomas  on  the  2nd  of  August,  1837,  where  the  hur- 
ricane increased  in  violence  till  half-past  seven  in  the  morning, 
when  perfect  stillness  took  place  for  40  minutes,  after  which  the 
storm  recommenced  in  a  contrary  direction.  The  breadth  of  a 
hurricane  is  greatly  augmented  when  its  path  changes  its  direction 
in  crossing  the  tropic.  In  the  Atlantic  the  vortex  of  one  of  these 
tempests  has  covered  an  area  from  600  to  1000  miles  in  diameter. 
The  diamtrter  of  the  storm  in  the  Southern  Indian  Ocean  is  generally 
from  1000  to  1500  miles;  and  the  general  rate  of  motion  is  from 
four  to  seven  miles  an  hour.  The  breadth  of  the  lull  in  the  centre 
varies  from  five  to  30  miles ;  the  height  is  from  one  to  five  miles  at 
most :  so  that  a  person  might  see  the  strife  of  the  elements  from 
the  top  of  a  mountain  such  as  Teneriffe  or  Mauna  Roa,  in  a  perfect 
calm,  for  the  upper  clouds  are  frequently  seen  to  be  at  rest  during 
the  hideous  turmoil  in  the  lower  regions.  When  the  centre  of  the 
Bahama  hurricane  of  1866  passed  over  Nassau,  the  calm  lasted  an 
hour  and  a  half,  from  7-20  to  8-50  p.m.  At  730  the  clouds  in  the 
zenith,  which  before  had  a[)pcared  to  be  revolving  rapidly,  rose,  and 
the  stars  apjwared,  while  hanks  of  cloud  remained  all  round  the 
horizon  in  heavy  dense  masses.  The  calm  covered  an  area  of  23 
miles  across. 

The  sudden  fall  of  the  mercury  in  the  barometer  in  latitudes 
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habitually  visited  by  hurricanes  is  a  certain  indication  of  a  coming 
tempest.  The  air  becomes  rarefied ;  and  as  the  atmosphere  is  disturbed 
to  some  distance  beyond  the  actual  circle  of  gyration,  or  the  limits 
of  the  storm,  the  barometer  often  sinks  some  hours  before  its  arrival : 
it  continues  sinking  the  first  half  of  the  hurricane,  and  again  rises 
during  the  passage  of  the  latter  half,  though  it  does  not  attain  its 
greatest  height  till  the  storm  is  over.  During  the  West  Indian 
hurricane  of  October  1st,  1866,  while  the  storm  was  passing,  the 
barometer  fell  0'7  inch  in  an  hoiu* ;  and  during  the.  hurricane 
which  devastated  Guadaloupe,  September  6th,  1806,  at  Marie 
Galante,  the  barometer  is  said  to  have  fallen  1'693  inch  in  an  hour. 
The  diminution  of  atmospheric  pressure  extends  over  a  wider  area 
in  the  temperate  zones  than  in  the  torrid. 

As  the  fell  of  the  barometer  gives  warning  of  the  approach  of  a 
hurricane,  so  the  laws  of  a  storm's  motion  afford  to  the  seaman 
knowledge  to  avoid  it.  In  the  northern  temperate  zone,  if  the  gale 
begins  from  the  S.E.  and  veers  by  S.  to  W.,  the  ship  should  steer 
to  the  S.E. ;  but  if  the  gale  begins  from  the  N.E.,  and  changes 
through  N.  to  N.W.,  the  vessel  ought  to  go  to  the  N.W.  In  the 
northern  part  of  the  torrid  zone,  if  the  storm  begin  from  the  N.E. 
and  veer  through  E.  to  S.E.,  the  ship  should  steer  to  the  N.E. ;  but 
if  it  begin  from  the  N.W.  and  veer  by  W.  to  S.  W.,  the  ship  should 
steer  to  the  S.W.,  because  she  is  on  the  south-western  side  of  the 
storm.  Since  the  laws  of  storms  are  reversed  in  the  southern  hemi- 
sphere, the  rules  for  steering  vessels  are  necessarily  reversed  also.* 

^  In  all  hurricanes  hitherto  observed,  the  sinking  of  the  mercury,  and 
the  increase  of  the  wind,  have  been  more  or  less  regularly  progressive  till 
within  three  or  four  hours*  sail  of  the  centre  of  the  stonn ;  and  in  one 
class  they  have  continued  so  even  to  the  centre ;  while  in  another  chiss, 
and  by  far  the  most  terrible,  the  depression  of  the  mercury  has  been 
sadden  and  excessive  when  within  that  distance  of  the  centre,  and  the 
violence  of  the  tempest  far  beyond  the  average.  When  a  ship  is  within 
50  or  60  miles  of  the  centre,  the  storm  has  the  mastery,  and  seamanship  is 
of  little  avail.  Rules  for  avoiding  this  calamity,  and  for  managing  a  ship 
when  involved  in  a  hurricane,  are  fully  explained  in  the  *  Hurricane  Guide' 
by  William  Radcliff  Birt,  published  under  the  sanction  of  the  Admiralty, 
in  12mo.,  London,  1850;  a  little  book  in  which  the  navigator  will  iind 
information  conveyed  in  a  very  intelligible  manner  on  the  subject ;  and  in 
the  new  edition,  1851,  of  the  *  Sailor's  Horn-Book  for  the  Laws  of  Storms,* 
by  H.  Piddington,  Esq.,  President  of  the  Marine  Courts  of  Inquiry  at 
Calcutta.  The  following  approximate  table  is  given  by  the  latter  author 
to  serve  as  a  guide  till  better  data  should  be  obtained : — 

Average  fall  of  the  Distance  of  a  ship  from  the 

barometer  per  hour.  centre  of  the  storm,  in  miles. 

From  0-020  to  0-060  From  250  to  150 

„     0-060  „  0-080  „     150  „  100 

„     0-080  „  0-120  „     100  „     80 

„     0-120  „  0-150  ..      ..   *  ..      ..  „       80  „     50 
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A  heavy  swell  or  stomi-wave  is  peculiarly  characteristic  of  these 
tempests.  In  the  centre  of  tlie  hurricane  the  pressure  of  the'atmos- 
phere  is  so  much  (liniinislied  hy  rotation,  that  the  mercury  in  the 
barometer  falls  from  one  to  two,  and  even  two  and  a  half  inches. 
On  that  account  the  pressure  of  the  ocean  beyond  the  range  of  the 
wind  raises  the  water  in  the  centre  of  the  vortex  alxjut  two  feet 
above  its  usual  level,  and  proportionally  to  the  degree  of  diminished 
pressure  over  the  whole  area  of  the  storm.  This  mass  of  water,  or 
storm-wave,  is  driven  Inxlily  along  with  or  before  the  tempest,  and 
rolls  in  ujion  the  land  like  a  huge  wall  of  water.  It  is  similar  to 
the  earthquake- wave,  and  is  by  no  means  the  heaping  up  of  the 
vrater  after  a  long  gale.  Ships  have  been  swept  by  it  out  of  docks 
and  rivers,  and  it  has  sometimes  carried  vessels  over  reefs  and  banks 
so  as  to  land  them  high  and  dry  :  this  hajjpned  to  two  ships  on  the 
coast  of  the  Eastern  Andaman  islands  in  1844.  Coringa,  on  the 
Coromandel  coast,  is  particularly  subject  to  inundations  from  that 
cause.  In  1789  the  town  and  liO,CK)0  inhabitants  were  destroyed  by 
a  succession  of  these  great  waves  during  a  hurricane,  and  as  many 
perished  there  in  1839.  On  October  5th,  1804,  a  great  storm  passed 
over  Calcutta,  and  the  storm-wave  which  accompanied  it,  rising  10 
feet  above  the  highest  spring-tides,  laid  the  level  country  at  the 
mouth  of  the  Ganges  under  water,  and  caused  the  destruction  of 
45,000  persons. 

Besides  storm-waves,  storm-currents  are  raised,  which  revolve 
with  the  rotation  of  the  wind,  and  are  of  the  greatest  force  near  the 
centre  of  the  vortex. 

The  rise  of  the  sea,  by  the  pressure  of  the  surrounding  ocean 
and  the  irresistible  fury  of  the  wind,  makes  a  tremendous  commotion 
in  the  centre  of  the  storm,  where  the  sea  rises,  not  in  waves,  but  in 
pyramidal  masses.  The  noise  during  its  passage  resembles  the 
deafening  roar  of  the  most  tremendous  thunder  ;  and  in  the  t^'phoons 


The  rate  of  fall  per  hour  <l<)u)»los  aft«*r  the  storm  has  lasttnl  six  hours,  and 
within  three  houi-s  of  the  centre  of  the  hurricane  the  mercury  will  fkll 
four  times  as  fast,  if  it  he  of  the  violent  ilass. 

Colonel  James  Capper  was  amongst  the  tirst  to  point  out  the  rotatory 
motions  of  storms,  as  Mr.  W.  C.  RetlfieM,  <»f  New  York,  was  to  determine 
their  laws.  General  Keid.  (iovernor  of  Malta,  and  Mr.  Piddin^irton,  of  Cal- 
cutta, have  also  written  ahly,  and  addnl  greatly  to  our  knowledge,  on  the 
subject.  Profossor  l)ove,  the  ^reat  meteorol(»pist  of  Ii«'rlin,  has  proposed  a 
very  inpenious  <-xplanation  of  the  orij;in  of  rotatory  storms  hy  lateral  currents 
in  the  upjx^r  atmosphere,  pnNiuced  by  the  overflow  occasione*!  by  ascend- 
inp  currents  over  highly  heat<'d  districts  (See  FIej)ort  of  li.  S.  to  Gov.  on 
Meteroloj^ical  Observations) ;  whilst  Mr.  Birt  has  unittnl  in  a  very  abridged 
and  useful  fonn  the  practical  information  <"ollecte<l  by  the  authors  who 
precMled  his  little  essay  on  Hnrricam-s.  Of  late  years  this  subject  has 
occupied  much  attention  in  India  and  the  United  States  as  well  as  in 
European  countries. 
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in  the  China  seas  it  is  like  numberless  voices  raised  to  the  utmost 
pitch  of  screaming.  In  general  there  is  very  little  thunder  and 
lightning ;  sometimes  a  vivid  flash  occurs  during  the  passage  of  the 
centre,  or  at  the  beginning  of  the  storm ;  yet  in  Barbadoes  the 
whole  atmosphere  has  been  enveloped  in  an  electric  cloud. 

A  thick  lurid  appearance,  with  dense  masses  of  cloud  in  the 
horizon,  ominous  and  terrible,  are  the  harbingers  of  the  coming 
tempest.  The  sun  and  clouds  frequently  assume  a  fiery  redness, 
the  whole  sky  takes  a  wild  and  threatening  aspect,  and  the  wind 
rises  and  falls  with  a  moaning  sound,  like  that  heard  in  old  houses 
on  a  winter's  night.  It  is  akin  to  the  *'  calling  of  the  sea,**  a  melan- 
choly noise  which,  in  a  dead  calm,  presages  a  storm  on  some  parts 
of  the  English  coast. 

Those  intensely  violent  gales,  of  short  duration,  called  arched 
sqtudhf  because  they  rise  from  an  arch  of  clouds  on  the  horizon, 
are  not  rotatory :  they  occur  iu  the  Strait  of  Malacca,  attended  by 
fierce  thunder  and  lightning  and  a  lurid  phosphorescent  gleam. 
The  north-western  gales  in  the  Bay  of  Bengal,  the  tornadoes  on  the 
African  coast  and  the  pamperos  of  the  Rio  de  la  Plata,  are  of 
the  same  nature.  The  pampero  blows  in  summer  from  the  Andes 
across  the  pampas  of  Buenos  Ayres  to  the  sea-coast.  It  is  a  dry 
wind,  bringing  clouds  of  dust  and  drying  up  the  vegetation  of  the 
pampas.  On  an  average  a  strong  gale  moves  at  the  rate  of  40  miles 
an  hour,^  a  storm  at  about  59,  and  hurricanes  at  90.*  Deserts, 
especially  those  of  Africa  and  Asia,  are  subject  to  intensely  hot 
winds  of  short  duration,  frequently  fatal  to  exhausted  travellers : 
of  these  the  simoom  and  sand-wind  are  the  most  formidable.  A  red 
lurid  appearance  in  the  atmosphere,  caused  by  the  quantity  of 
burning  sand  raised  by  the  wind,  gives  warning  of  their  approach  ; 
everything  is  scorched  in  their  passage,  and  breathing  becomes 
painful.  It  is  probably  owing  to  the  sand  wafted  by  them,  and  to 
their  parching  dryness,  that  these  winds  are  so  deleterious,  and  not 
only  to  their  temi)erature,  since  air  heated  to  a  much  higher  degree 
may  be  breathed  with  impunity,  as  has  been  proved  by  Sir  Joseph 
Banks  and  by  Sir  Francis  Chantrey,  in  an  atmosphere  raised  to 


*  The  average  rate  of  motion  of  European  storms  is  about  18  miles  an 
hour;  sometimes  the  rate  is  only  15  miles  an  hour,  whilst  on  rare  occasions 
it  is  as  great  as  45  miles  an  hour. — BucharCa  ^  Meteorology.* 

*  A  plan  of  conyejring  warnings  of  approaching  storms  was  invented  by 
the  late  Admiral  Fitzroy,  and  was  in  operation  for  some  time.  In  the  two 
years  ending  March  1865,  the  warnings  of  the  first  year  were  right  in 
50  per  cent.,  and  in  the  second  year  in  73  per  cent,  of  the  cases.  The 
warnings  were  suspended  for  a  short  period,  but  were  renewed  in  May, 
1867.  Notice  is  now  sent  of  the  actual  existence  of  a  storm,  and  the 
places  to  which  the  telegrams  go,  may,  if  they  choose,  benefit  by  the 
warning. 
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more  than  300^.  The  simoom  geneially  blows  from  six  to  twenty- 
four  hours,  hutaoroetimes  it  continues  for  two  or  three  days,  wheD  it 
cornea  in  giisls  driving  clouda  of  sand  ;  Dothio)!;  can  withetaDd  it. 
There  can  l>e  no  doubt  that  sudden  changes  of  lemperature  occaaion 
Iheae  formidable  winds. 

Hot  winds  from  Africa  blow  in  all  the  neiglibouring  countries ; 
but  receive  important  modifications  from  the  nature  of  the  country 
over  which  they  i^ass.  The  hot  moist  Sirocco  blows  in  Sicily,  Son^ 
Italy,  Turkey  (where  it  is  called  the  Samiel,  on  account  of  its 
reputed  poisiinous  nature),  and  even  tu  the  shores  of  the  Black  and 
Caspian  Seas  and  the  St«ppcs  beyond  tho  Volga.  The  Spanish 
Solano  is  hot  and  loaded  with  fine  dust,  and  the  HannattaD  of 
Guinea  and  Senogambia,  under  whose  influence  no  dew  falls,  withers 
up  vugttalion  between  December  and  February.  The  low  atmospheric 
pressure  to  tlio  S.  and  the  high  pressure  in  the  interior  of  North 
America  during  winter  combine  to  cause  the  dry,  cold  and  violent 
winds  called  "  Northers  "  which  prevail  from  September  to  March  in 
the  Gulf  of  Mexico.  I'hc  violence  of  the  winds  in  the  S.  of  Europe 
— the  result  of  the  differences  in  temperature  of  the  Alps,  the 
Itk-diterranean  and  Africa — is  notorious.  The  cold,  tempestuous 
Bora,  which  sweeps  from  the  Julian  Alps  over  the  Adriatic,  and  the 
violent  Mistral,  which  blows  from  France  down  on  theGulf  of  Lyom 
are  two  of  these  winds. 

WLirlwindsarefi'equentintropical  countries,  especially  in  deserts; 
sometimes  several  are  seen  at  one  time  in  the  Arabian  deserts,  of 
all  sizes,  from  a  few  feet  to  some  hundred  yards  in  diameter.  They 
occur  in  all  kinds  of  weather,  by  night  as  well  as  by  day,  and  come 
without  the  smallest  notice,  rooting  up  trees,  overwhelming  caravans, 
and  throwing  down  houses;  and  as  they  produce  water-spouts  when 
they  reach  the  sea,  they  dismantle  and  even  sink  ships.  Pillars 
of  sand  are  often  raised  by  them  on  the  African  deserts  two  or  three 
ImndR'd  feet  high.  In  Nubia  Bruce  saw  eleven  advancing  towards 
bini  with  considerable  swiftness.  It  was  vain  to  think  of  flying 
where  the  s]>eed  of  the  swiftest  horse  could  have  been  of  no  avail, 
and  that  conviction  riveted  him  to  the  spot.  They  retreated,  leaving 
hiin  in  a  slate  of  mind  between  fear  and  a.sloiiiahment,  to  which  he 
could  give  no  name.  Whiriwindsadvancewith  a  loud  rushing  noise, 
and  arc  freijucnily  attended  by  electrical  cuplosions.  At  the  close 
of  tlje  storm  a  fall  of  rain  generally  takes  place.  Dust  whirlwinds 
prevail  in  India  and  Nubia.  Sir  B.  W.  Baker  describes  those  of 
Nubia  in  April,  May,  and  June: — "I  have  frequently  seen  many 
such  columns  at  the  same  time  in  the  boundless  desert,  all  travelling 
or  waltzing  in  various  directions,  at  the  fitful  choice  of  each  whirl- 
wind :  this  vagrancy  of  character  is  an  undoubted  proof  to  the  Ar^b 
niind  of  tbcir  iodetiendent  and  disbcdical  natuie."     The  wster- 
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spouts  so  frequently  seen  on  the  ocean  originate  in  adjacent  strata 
of  air  of  different  temperatures,  running  in  opposite  directions  in  the 
upper  regions  of  the  atmosphere.  They  condense  the  vapour,  and 
give  it  a  whirling  motion,  so  that  it  descends  tapering  to  the  sea 
below,  and  causes  the  spray  of  the  agitated  water  to  ascend  in  a 
pointed  spiral  till  it  joins  that  from  above,  and  then  it  looks  like 
two  inverted  cones,  being  thinner  in  the  middle  than  either  above 
or  below.  When  fully  formed  they  appear  as  tall  pillars  stretching 
from  the  sea  upwards  to  the  clouds,  and  exhibiting  the  same 
whirling  round  their  axis,  and  the  same  progressive  movement  of 
the  mass  as  in  dnst-whirlwinds.  When  a  water-spout  has  a  pro- 
gressive motion,  the  upper  and  under  part  must  move  in  the  same 
direction,  and  with  equal  velocity,  otherwise  it  breaks,  which  fre- 
quently happens. 
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CHAPTER   XXIV. 


ATMOSPHERIC  PUENOHENA — Continued. 

§  1.  Evaporation;  distribution  of  vapour;  dew;  hoar-frost;  fog.  {  2. 
Region  of  clouds ;  forms  of  clouds.  §  3.  Rain ;  distribution  of  rain ; 
quantity  ;  number  of  rainy  days  in  different  latitudes ;  rainless  districts. 
§  4.  Snow ;  various  forms  of  its  crystallization ;  line  of  perpetual  snow ; 
limit  of  winter  snow  on  the  plains ;  sleet ;  hail.  §  5.  Light ;  minute- 
ness of  the  ultimate  particles  of  matter ;  their  densities  and  forms ;  their 
action  on  light ;  colour  of  bodies;  colour  of  the  atmosphere;  its  absorp- 
tion and  reflection  of  light.  §  6.  Mirage ;  fog  images ;  coronie  and 
halos ;  the  rainbow ;  iris  in  dewdrops.  §  7.  Polarization  of  the  atmo- 
sphere. §  8.  Atmospheric  electricity ;  its  variations ;  electricity  of  fog» 
and  rain ;  inductive  action  of  the  earth ;  lightning  ;  thunder ;  distribu- 
tion of  thunderstorms ;  back  stroke;  St.  Elmo's  fire;  phosphorescence. 
§  9.  Magnetism;  terrestrial  magnetism;  the  dip;  magnetic  poles  and 
equator ;  magnetic  intensity ;  dynamic  equator ;  declination ;  magnetic 
meridian ;  lines  of  equal  variation  ;  horary  variations  ;  line  of  alternate 
horary  phenomena ;  magnetic  storms ;  coincidence  of  the  lines  of  equal 
magnetic  intensity  with  mountain-chains ;  diamagnetism ;  auronu 

§  1.  Moisture  is  evaporated  in  an  invisible  form  from  every  part  of 
the  land  and  water,  and  at  all  temperatures,  even  from  snow.  Mr. 
Darwin  mentions  that  the  snow  once  entirely  disappeared  from  the 
Nevado  of  Aconcagua,  in  Chile,  which  is  23,910  feet  high,  from 
eva|x>ration  under  a  cloudless  sky  and  an  excessively  dry  air.  The 
vapour  rises  and  mixes  with  the  atmosphere ;  and  as  its  preasure 
and  density  diminish  with  the  height  above  the  8iir£EK»  of  the  earth, 
in  consequence  of  gravitation,  there  is  absolutely  less  moisture  in 
the  higher  than  in  the  lower  regions  of  the  air.' 

*  The  humidity  of  the  air  is  measured  by  the  Hygrometer,  an  instru- 
ment which  shows  the  rapidity  of  evaporation  at  all  temperatures ;  for  the 
rate  of  evaporation  is  in  proportion  to  the  dryness  of  the  atmosphere,  and 
is  nearly  in  the  inverse  ratio  of  the  density.  When  the  evaporation  is 
below  30°  on  the  scale  of  the  hygrometer  the  air  is  very  dry,  when 
above  S(P  it  is  intensely  damp.  The  most  accurate  mode  of  determining 
the  quantity  of  moisture  in  the  air  is  by  the  wet-bulb  thermometer,  which 
shows  the  temperature  of  evaporation ;  hence  the  temperature  at  which 
the  atmosphere  is  saturated  with  humidity  is  easily  found  in  the  tables, 
Daniels'  Hygrometer  and  August's  Psychrometer  are  to  a  certain  degree 
founded  on  this  principle. 

z 
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The  trade-winds  promote  evaporation,  for  as  soon  as  the  vapour  is 
formed  they  carr}'  it  off,  otherwise  the  atmosphere  would  become 
saturated,  and  no  more  would  rise.  From  the  surface  of  the  whole 
globe  it  has  been  computed  that  186,240  cubic  miles  of  water  is 
annually  raised  in  the  form  of  vapour,  and  annually  descends  in 
rain,  hail,  and  snow.  The  air  is  the  storehouse,  the  winds  the 
swift  messengers  who  carry  it  to  water  the  land  and  feed  the  rivers. 
The  power  of  the  sun  and  air  to  raise  and  carry  this  immense  mass 
must  be  enormous.  It  is  on  the  same  stupendous  scale  in  which  all 
the  mighty  operations  of  nature  are  conducted. 

There  are  about  25  millions  of  square  miles  of  sea  in  the  northern 
hemisphere,  and  nearly  75  in  the  southern ;  besides,  the  zone  of  the 
S.E.  trade-winds  is  much  greater  than  the  northern,  and  covers 
three  times  as  much  water :  yet  the  mean  annual  amount  of  rain  in 
the  northern  hemisphere  is  probably  about  37  inches,  and  26  in  the 
southern;  for  the  vapour  from  the  great  reservoirs  at  the  equator 
and  the  southern  hemisphere  is  wafted  by  the  S.E.  trade-wind  in  the 
upper  regions  of  the  atmosphere  till  it  comes  to  the  calms  of  Cancer, 
where  it  sinks  down  and  becomes  a  S.  and  S.W.  surface-wind,  and 
then  the  condensation  begins  that  feeds  all  the  greatest  rivers  in  the 
world.  The  atmosphere  is  much  more  unstable  in  the  northern 
hemisphere  with  its  excess  of  land,  than  in  the  southern  with  its 
excess  of  water.  Bains,  fogs,  thunder,  calms,  and  storms,  all  occur 
much  more  frequently,  and  are  much  more  irregular  also  as  to  time 
and  place,  on  this  side  than  they  are  on  the  other  side  of  the  equator. 
The  evaporation  is  greatest  between  the  tropics,  from  the  excess  of 
heat  and  the  preponderance  of  the  ocean,  and  its  average  quantity 
decreases  from  thence  to  the  poles.  Over  the  open  sea,  in  all 
latitudes,  the  air  contains  a  larger  proportion  of  moisture  than  in 
the  interior  of  the  continents ;  the  evaporation  diminishing  from  the 
coasts  to  the  interior  of  the  latter :  so  that  in  the  interior  of  the 
United  States  of  North  America,  in  the  deseils  of  Asia,  and  in 
the  interior  of  Australia,  the  aqueous  vapour  contained  in  the  air 
is  very  smalL  There  is  scarcely  any  evaporation  in  the  deserts  of 
Africa,  and  the  extreme  heat,  increased  by  the  highly  heated  sand, 
opposes  aqueous  precipitations ;  and  as  the  winds  which  blow  over 
it  increase  in  temperature  and  so  become  drier,  this  land  is  doomed 
to  perpetual  sterility.  The  air  over  the  steppes  of  Siberia  is  likewise 
nearly  devoid  of  moisture.  A  very  great  degree  of  dryness  was  ob- 
served by  M.  Ermann  between  the  valleys  of  the  Irtish  and  Oby,  after 
a  continued  S.W.  wind  with  a  temperature  of  74°'7  of  Fahrenheit. 

Throughout  all  the  countries  in  the  northern  hemisphere  where 
observations  have  been  made  on  the  variations  of  atmospheric 
moisture,  it  appears  that  the  air  contains  absolutely  less  vapour  in 
January  than  in  any  other  month  of  the  year,  yet  at  that  time  there 
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is  the  greatest  dmnpneM  to  our  seouiions ;  while  in  Jaly  the  aii 
feels  drieat,  tlthough,  on  account  of  the  birat,  evaporatioD  ia  the 
greatest.  In  summer  the  den  point  it  much  further  below  the  tem- 
perature of  the  ait  than  in  winter,  hence  the  air  ia  drier.  If  the 
temperature  of  air  containing  a  certain  amount  of  vapour  is  raiaed, 
its  relative  huniidity  becomes  less,  and  to  the  sensation  it  is  drier. 
The  jiruportion  of  vapour  in  the  air  varies  generally  with  the  direc- 
tion of  the  wind;  in  Europe  it  is  greatest  in  a  R.W.  wind,  and 
least  iu  a  N.B.  and  N.W. ;  the  former,  bcinc  part  of  the  equa- 
torial current  drawn  down  to  the  surface  of  the  globe,  conies  warm 
and  moist  over  the  Atlantic,  while  the  northern  wind  blows  dry 
and  cold  from  the  pole.  The  moisture  in  the  atmosphere  obatmc^ 
the  free  )uusagc  of  the  heat  resulting  both  from  solar  and  from 
terrestrial  mdiation.  This  is  one  of  the  most  important  of  the 
purposes  served  by  ihe  moisture  in  the  atmosphere.  If  the  air  con- 
tained no  moisture,  the  radiation  from  the  earth's  surhce  during 
the  night  would  be  so  rapid  and  eiceasive  that  all  living  things 
would  be  destroyed  Mountainous  countries,  where,  owing  to  the 
elevatiuu,  there  is  a  comparatively  small  amount  of  aqueous  vapour 
in  the  atmosphere,  feet  the  efiects  of  comparatively  unobstnicI«d 
rudiation.  The  traveller  over  anow-6elda  ia  scorched  by  the  hlate 
of  the  sun.  In  polar  regions,  also,  the  intense  heat  of  the  stu's 
rays  is  the  result  of  the  want  of  vapour  in  the  atmosphere.  When 
the  moisture  is  abundant  and  the  tension  great,  wfaicfa  is  often  tha 
I,  the  air  is  very  transparent,  and  distant  object* 


distinctly  seen ;  from 
;  mountains  and  head- 
also  exceedingly  trana- 
and  in  sandy  deserts, 
lustre,  and  the 
account  of  tha 
moisture  than  elae- 


-,  and  all  their  details  ai 
e  the  clearer  view  of  disi 
lauds  indicates  wet  weather.  Very  dry  ai 
|>arent,  aa  on  the  tops  of  very  lolly  ni 
where  the  stars  are  seen  to  shine  with  v 
brighter  planets  are  visible  in  the  daytim 
heat,  the  air  between  the  tropics  contains  n: 
where ;  aod  were  it  nut  for  tbo  amount  of  evaporation,  the  warmth 
there  would  be  greater  than  it  is,  for  a  depression  of  temperature 
takes  place  during  evaporation  by  the  absorption  of  the  heat,  which 
thus  becomes  insensible  to  the  feelings  and  to  the  thermocueter. 
The  evaporation  and  consequent  absorption  of  heat  may  be  so  rapid 
as  tu  ])rudiLce  intense  cold  ;  upon  this  principle  the  speedy  evapo- 
ration or  ether  or  chloroform  by  means  ol  a  current  of  air  will  freeae 
water  upon  the  outside  of  the  vessel  in  which  either  of  these  volMila 
liquids  is  contained 

The  quantity  of  atmospheric  moisture  varies  also  with  the  hours 
of  the  day  aod  night.  In  early  moruing  the  evaporation  accnmu- 
latea  near  the  surface  of  the  ground  from  the  teaistanoa  of  the  air 
above  it  to  its  free  diffusion,  but,  u  the  urn  riiea  above  the  horiunt 
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and  wanns  the  earth,  the  air  becomes  rarefied  and  ascends,  carrying 
the  vapour  with  it;  so  that  the  quantity  near  the  ground  is  di- 
minished till  evening,  when,  on  account  of  the  lownoss  of  the  tem- 
perature, the  ascending  currents  cease,  and  the  air  becomes  loaded 
with  vapour  and  deposits  its  excess  in  the  shape  of  dew  or  hoar-frost. 
For  in  the  night  the  earth  radiates  part  of  the  heat  it  received  during 
the  day  through  the  atmosphere  into  space,  and  the  temperature  of  the 
bodies  on  its  surface  sinks  below  that  of  the  air ;  and  by  abstracting 
part  of  the  heat  which  holds  the  humidity  of  the  air  in  solution  a 
deposition  takes  place.  The  dew-point  is  the  temperature  at  which 
vapour  is  deposited  on  bodies  colder  than  itself,  but  before  any  depo- 
sition takes  place  the  air  must  be  saturated  with  moisture  at  the  tem- 
perature of  the  body  upon  which  the  dew  is  deposited.  It  is  very 
abundant  on  the  shores  of  continents,  but  it  is  not  deposited  on 
small  islands  in  the  midst  of  large  seas,  because  on  them  the  differ- 
ence between  the  temperature  of  the  day  and  the  night  is  not  suffi- 
ciently great.  Dalton  estimated  that  the  quantity  of  dew  that  falls 
in  England  annually  would  form  a  bed  of  water  uniformly  spread 
over  the  whole  kingdom  of  five  inches  in  depth.  If  the  temperature 
fall  to  or  below  32°,  the  dew  is  frozen  and  becomes  hoar-frost,  which 
is  the  ice  of  dew.  Cloudy  weather  and  windy  weather  are  un- 
favourable for  the  formation  of  dew ;  the  former  by  preventing  the 
free  radiation  of  heat  into  space,  and  the  latter  by  constantly  renewing 
the  air  in  contact  with  the  groimd,  and  thus  preventing  the  tem- 
perature from  falling  sufficiently  low.  Actual  contact  is  necessary 
for  its  formation,  as  it  is  never  suspended  in  the  air  like  fog.  Dew 
falls  in  calm  serene  nights,  but  not  on  all  substances  indifferently ; 
it  wets  them  in  proportion  to  their  powers  of  radiation,  leaving  those 
dry  that  radiate  feebly  or  not  at  all.  Dew  is  most  abundant  on 
coasts ;  in  the  interior  of  continents  there  is  very  little,  except  near 
lakes  or  rivers.  When  dew  is  congealed  into  hoar-frost  it  forms 
beautiful  crystals,  and  the  cold  which  produces  it  is  very  hurtful 
to  vegetation,  but  the  slightest  covering  preserves  plants  from  its 
effects. 

When  the  atmosphere  is  so  saturated  with  the  vapour  of  water 
that  it  is  precipitated  in  the  air  itself,  a  fog  is  the  result,  which  is 
supposed  to  consist  of  small  globular  particles  of  water.  When  dew 
is  formed,  the  earth  is  colder  than  the  air  in  contact  with  it ;  but 
the  case  is  exactly  the  contrary  when  fogs  take  place,  the  moist  soil 
being  warmer  than  the  air.  In  countries  where  the  soil  is  moist  and 
warm,  and  the  air  damp  and  cold,  thick  and  frequent  fogs  arise,  as 
in  England,  where  the  coasts  are  washed  by  a  sea  of  elevated  tem- 
perature from  the  Gulf-stream,  and  the  excess  of  the  heat  of  the 
Gulf-stream  above  the  cold  moist  air  is  the  cause  of  the  perpetual 
fogs  in  Newfoundland,  and  on  the  approach  of  winter  those  dense 
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fogs  known  to  seamen  M  frost-smoke,  steam  from  the  Polar  Ocean 
till  it  ia  frozen  o*er.     Fogs  rarely  occur  at  ha  between  the  parelleb 

of  30°  N.  and  S.  latitude,  that  is  over  half  the  globe.  For  one  fog 
within  thcac  limits  in  the  Atlantic, no  leas  than  83  take  place  on  the 
[lolar  side ;  and  althiiuijh  these  fogless  regi'ina  are  occasionally  sab- 
ject  to  hurricaucs,  a  gale  of  wind  is  very  rare.' 

$  2.  Suiivrior  to  all  these  phenomena,  and  at  a  considerable  height 
above  the  eartli,  the  air  is  very  dry,  because  under  ordinary  circum- 
stances the  vajiour  ascends  in  a  highly  elastic  aod  invisible  state  till 
it  reaches  a  stratum  of  air  of  lower  ttmperature,  and  then  it  is  con- 
densal  into  clouds.  The  region  of  clouds  is  a  zone  at  a  tieight  vary- 
ing from  1300  to  21,320  feet  (according  to  Kamtz's  messurenienta) 
above  the  surface  of  the  earth.  Balloon  aicenta,  hnve,  however, 
found  that  this  height  is  much  too  small.  Gay  Lussac,  when  at 
a  heijiht  of  23,000  feet,  saw  clouds  floating  apparently  at  a  great 
height  above  him,  and  Mr.  Glaisher  has  made  the  same  observation. 
It  ia  probable  that  the  cirrus  clouds  are  often  ten  miles  above  the 
earth.  From  friction  and  other  causes  the  currents  of  air  in  the 
lower  partH  of  that  zone  run  horizontally  on  each  other,  often  in 
diflerent  and  freiiucotly  in  opposite  directions ;  and  as  they  generally 
differ  in  moisture,  temperature,  and  velocity,  the  colder  condense  the 
invisible  vapour  in  the  warmer,  and  make  it  apparent  in  the  form  of 
a  cloud,  which  differs  in  no  respect  from  a  fog,  except  that  one  floats 
high  in  the  air,  while  the  other  rests  on  the  ground.  When  a  heavy 
and  dry  wind  begins  to  set  in  or  take  the  place  of  a  moist  and  light 
wind,  it  generally  does  so  by  edging  itself  beneath  the  moist  wind 
and  forcing  it  ivedgeways  into  the  npper  regions  of  the  atmosjihere, 
where  coudcnsatioa  rapidly  follows,  and  denw  black  clouds,  often 
heavily  cliargod  with  rain,  are  formed.  In  Britain  the  heavy  E.  or 
polar  current,  thnists  high  up  into  the  air  the  rain-bringing  S.W. 
wind,  causing  it  to  darken  the  sky  and  pour  down  torrents  of  rain.' 

In  the  balloon  ascents  at  Kew  it  was  observed  that  the  cloud 
region  there,  is  from  2000  to  6500  feet  above  the  surface  of  the 
earth,  that  its  thickness  varies  from  SOOO  to  3000  feet,  and  that  the 
temperature  at  the  top  is  the  same  with  that  at  the  bottom  of  the 
stratum.  The  cloud  region  of  the  trade-winds  is  from  3000  to  6000 
feet  high,  and  it  is  generally  higher  over  the  soa  than  over  the  land 
for  the  same  amount  of  vapour  in  tlie  wind.  In  the  North  tem- 
perate zone  the  cloud  re<;ioD  is  high  over  the  land  and  low  over  the 
water;  and,  as  a  rule,  the  farther  inland  the  drier  the  air  and  the 
higher  the  cloud  region. 

■  Id  tha  North  Atlnalic  th«  foggy  and  •tonn)'  latitudu  arc  betwHD  45° 
■ml  tiu°  ^.,  anil  in  the  Suuth  Atlnalic  th«  moit  foggy  regioD  u  betWMa 
£u°  bdJ  I>U°  S.  IaI.,  the  moat  starm;  lwlw«D  50°  UkI  ij^.—Captaia  Mmm. 

'  Buchan'i '  Met«arology.' 
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At  moderate  heights  clouds  consist  of  vapour,  hut  at  great  eleva- 
tions where  the  cold  is  severe  they  arc  an  assemhlage  of  minate 
crystals  of  ice.  The  particles  of  which  clouds  are  composed  undergo 
constant  renewal  or  change.  As  Elspy  has  said,  every  cloud  is  either 
a  forming  or  a  dissolving  cloud.  When  it  is  connected  with  an 
ascending  current,  it  increases  in  size,  is  dense  at  the  top,  and  well- 
defined  in  its  outlines  ;  hut  when  the  ascending  current  ceases,  and 
the  particles  begin  to  fall  through  the  air  by  their  weighty  the  cloud 
diminishes  in  size  and  density.  Clouds  near  the  earth  take  the  con- 
tour of  the  land  over  which  they  are  formed.  Above  the  lower 
stratum  of  clouds  there  is  frequently  a  clear  space  of  air,  above 
which  are  more  clouds,  then  another  clear  space,  and  so  on  in  suc- 
cession. The  appearance  of  the  clouds,  as  seen  in  balloon  ascents,  is 
often  very  gorgeous. 

Clouds  assume  three  primary  characters,  from  whence  four  subor- 
dinate forms  are  derived.  The  cirrus,  or  catVtail  of  sailors,  is  the 
highest;  it  sometimes  resembles  a  white  brush,  at  other  times  it 
consists  of  horizontal  bands  of  slender  silvery  filaments.  It  is  prob- 
able that  they  consist  of  minute  spicules  of  ice  or  flakes  of  snow. 
The  cirri  for  the  most  part  arrange  themselves  in  parallel  bands 
which,  by  the  effects  of  perspective,  converge  to  opposite  points  in 
the  horizon,  and  as  they  travel  in  their  longitudinal  direction  they 
appear  to  be  stationary.  In  the  middle  and  higher  latitudes  of  the 
northern  hemisphere  they  d'ten  trend  from  S.W.  to  N.E.  Jn  Scot- 
land they  have  been  observed  to  advance  from  S.W.  to  N.W.  towards 
N.E.  to  S.E.  It  is  supposed  that  their  parallel  form  arises  from 
their  being  conductors  between  two  foci  of  electricity,  but,  whatever 
the  cause  of  this  arrangement  may  be,  it  is  very  general ;  they  are 
supposed  by  Humboldt  and  Aiago  to  be  connected  with  the  phe- 
nomena of  the  aurora.  Among  these  clouds,  which  occasionally 
appear  like  fleecy  cotton  or  wool,  halos  and  parhelia  are  formed, 
which  often  precede  a  change  of  weather  announcing  rain  in  summer, 
in  winter  frost  and  snow. 

Cumuli  or  summer-clouds  are  rounded  forms,  resembling  mountains 
covered  with  snow.  They  are  formed  by  ascending  currents  of  warm 
air  which  rise  from  the  heated  ground,  and  they  are  the  clouds  of 
day.  They  are  of  dense  structure,  are  formed  in  the  lower  regions 
of  the  atmosphere,  and  are  carried  along  in  the  current  next  the  earth ; 
sometimes  they  rise  and  cover  the  whole  sky,  and  in  the  evening 
they  frequently  become  more  numerous  and  of  deeper  tint,  passing 
into  denser  forms  which  presage  storm  or  rain. 

The  stratus  is  the  third  of  the  primary  characters  of  clouds :  it  is 
a  horizontal  band,  which  forms  at  sunset  and  vanishes  at  sunrise ; 
it  is,  therefore,  the  cloud  of  night,  it  includes  all  the  mists  which 
are  found  in  the  evenings  in  valleys  and  over  low-lying  grounds,  and 
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is  the  lowest  of  all  tbe  clouds.  The  subordinate  varietiea  of  clouds 
ftre  combinaCioos  of  these  three  priDcipal  cksses.'  Ilia  wiuds,  the 
great  a<;GD(a  in  all  atmottpberic  cbauges,  carry  the  vapour  to  a  dis- 
tance^ where  it  is  often  condensed  on  the  tops  of  the  mouDtaios  into 
clouds  which  aecm  to  be  statiooary,  but  in  reality  they  are  onty 
luaiotained  by  a  constant  condeusatioo  of  fresh  TSpour,  which  is 
carried  off,  as  soon  as  formed,  by  the  wind,  and  becomee  inyisible  on 
entetinf!  wanner  air. 

Tlie  rate  at  which  clouds  move  is  greater  than  is  commonly  ntp' 
posed,  exceedlQc;  considerably  that  of  the  wind  at  the  surface  of  tbe 
earth.  In  May,  1867,  when  the  rale  of  the  wind  was  about  42  miles 
ao  hour,  clouds  were  observed,  near  Edinburgh,  which  though  loov- 
inj  with  apparent  slowness,  were  really  travelling  at  the  rata  of  72 
miles  an  hour;  and,  at  another  part  of  tbe  same  day,  when  the  fbroe 
of  the  wind  was  greater,  the  clouds  moved  at  the  ral«  of  109  milea 

§^3.  if  when  two  masses  of  air  of  different  temperatures  meet  and 
mix  to^^ether,  the  temperature  falls  below  the  point  of  saturation,  the 
particles  coalesce  and  fonn  drops  of  water,  which  fall  in  tbe  shi^ 
of  rain  by  their  gravitation.  And  when  two  strata  of  difTereot 
tem[)er.iture  moving  rapidly  in  contrary  directions  oome  into  con- 
tact, a  heavy  fall  of  rain  takes  place;  and  as  the  quanti^  of 
aqueous  vapour  la  most  abundant  in  tropical  regions,  the  drops  an 
larger  and  the  rftin  heavier  there  than  elaewhere.' 

The  fall  of  rain,  especially  in  low  latitudes,  depends  upon  the  lone 
of  tnule-wi[ids  and  calms.  In  the  region  of  tbe  trade-winds  the 
sky  is  either  mottled  or  serene,  and  tbe  weather  steady  and  delight- 
ful. 1'hese  winds  are  tbe  collectors  and  carriers  of  the  vapour  which 
the  sunbeam  raises  from  the  ocean.  Sut  eleclricity  also  arises  with 
the  vapour,  because  it  always  accompanies  evapoiation  provided  the 

'  Th«  four  BUboniinate  fgrms  of  ciouds  are  the  cirm-atntui,  compOMd 


the  tummeT-vluud.  like  anuwy  mountaini  heaped  oa  one  another,  which 
at  nuuriM  have  a  black  or  tlui^h  tint  at  tbe  horiiOD,  and  put  into  the 
Dimbuis  or  nin-vloud.  wbicb  has  a  uniform  grey  tint,  fringed  at  the  (dn, 
—it  o(\ea  becomes  a  thunder-rlDud ;  and  the  foDrth  ia  the  cirro-cuinohu, 
a  conibioalioa  of  lilainenli  and  beapeil-up  cumuli  or  luniDier-claadi. 

'  Lnciil  circumslBDces  bare  great  influence,  espedally  in  the  vicinity 
of  niuuntaiu) :  probably  the  greatest  avenge  annual  quantity  on  record  u 
302  incheii,  which  fiill>  on  tbe  western  Ghaula,  in  18^  N.  Ut.  At  Oiuda- 
loujie  it  ii  286  inches.  In  England  tbe  average  annual  quantity  ia  iS 
inches ;  nenrli  half  that  quanlttj  fell  in  the  Rnt  lii  veekt  of  IMS,  wUch 
ia  more  than  had  occurred  for  38  yean,  and  probably  within  a  c«ntDiy. — 
Greenwich  Meteor,  Regiiler. 
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wBter  be  not  pare ;  and  as  the  sea-water  contains  man j  ingredients, 
a  retj  ^^^  quantity  is  generated,  rises  with  the  vapour  in  the 
tiitertrr/pical  regioos,  and  is  poured  with  it  into  the  belt5  of  calms,  in 
the  hij^er  regions  of  which  there  is  a  constant  condensation  from 
the  crtmnng  of  winds  of  different  tempentares;,  and  trematdons 
thunder-storms  are  almost  of  daily  occurrence,  accompanied  by  tor- 
rents of  rain.  The  equatorial  belt  of  caln  8  lies  mostly  N.  of  the 
equator  in  the  Atlantic :  in  it  these  winds  meet,  and  being  highly 
elastic  they  ascend,  till  by  the  cold  of  the  atmosphere  they  are  con- 
'leased  into  the  Cloiid-ring,  a  stratum  of  cloods  which  surrocnds 
the  earth  and  orerhangs  the  belt  of  calms,  bat  leaves  the  sky  clear 
on  each  side.  New  vi^m"  is  continnally  rising  to  the  under  surface 
Iff  this  cload-ring,  is  condensed,  and  falls  in  constant  rains :  these 
rains  fall  daring  the  day ;  and  morning  and  evening  are  free  from 
storms. 

In  the  belt  of  calms  the  air,  being  greatly  heated  by  the  vertical 
rays  of  the  snn,  ascends,  drawing  with  it  the  whole  mass  of  vapour 
tfa«  trade-winds  have  brought  with  them,  and  which  has  been 
p;reatly  added  to  by  the  rapid  evaporation  fix>m  the  belt  of  calms ; 
this  vapour  is  condensed  as  it  rises  to  the  line  of  junction  of  the 
lower  and  upper  trades.  The  discharge  is  in  some  cases  so  copious 
that  fresh  water  has  been  collected  from  the  surface  of  the  sea. 
The  regularity  of  the  daily  rains  in  the  belt  of  calms  is  only  fully 
seen  in  the  Pacific  Ocean  (6uchan*8  *  Meteorology.*) 

It  has  been  mentioned  that  the  whole  zone  of  trade- winds  and  calms 
follow  the  sun  in  declination.  Thns  the  equatorial  belt  of  calms  with 
its  cloud-ring  moves  annually  in  the  Atlantic  from  the  5th  parallel 
of  S.  latitude  to  the  12th  of  N.,  and  back  again.  In  countries  situate 
between  the  5th  and  10th  parallels  of  S.  and  N.  latitude,  there  are 
t¥f(f  rainy  seasons,  and  two  dry :  one,  which  lasts  between  three 
and  four  months,  occurs  when  the  sun  passes  the  zenith  in  his  way 
to  the  nearest  tropic,  and  the  other  at  his  return ;  but  in  the  latter, 
which  is  not  longer  than  six  weeks  or  two  months,  the  rains  are 
less  violent.  With  regard  to  the  tropical  belts  of  calms  and  rains, 
when  the  sun  is  N.  of  the  equator  rains  prevail  in  the  calms  of 
Cancer,  and  when  he  is  S.  of  that  line  under  the  calms  of  Capricorn : 
hence  in  all  the  latitudes  over  which  these  range,  one  period  of  the 
year  is  extremely  wet  and  the  other  extremely  dry ;  the  change 
takes  place  at  the  equinoxes.  At  sea,  within  the  limits  of  the 
trade-winds  themselves,  it  seldom  rains. 

Although  the  quantity  of  water  which  falls  between  the  tropics 
in  a  month  is  greater  than  that  of  a  whole  year  in  Europe,  yet  the 
number  of  rainy  days  increases  with  the  latitude,  so  that  there  are 
fewest  where  the  quantity  of  rain  is  the  greatest.  Neither  does  it 
fall  continually  during  the  rainy  season  between  the  tropics,  for  the 
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sky  is  generally  clear  at  sunrise,  it  becomes  cloudy  about  10  in 
the  morning,  at  noon  the  rain  begins  to  fall,  and,  after  pouring  for 
four  or  five  hours,  the  clouds  vanish  at  sunset,  and  not  a  drop  flEtllB 
during  the  night,  so  that  a  day  of  uninterrupted  rain  is  very  rare.* 

Professor  Secchi  observes  as  a  remarkable  coincidence,  that  the 
period  from  noon  to  four  or  five  o*clock  should  be  exactly  the  time 
when  clouds  are  formed  at  Rome,  and  which  corresponds  with  the 
minimum  of  the  diurnal  range  of  the  barometer  at  Home  and  else- 
where over  the  globe. 

The  fall  of  rain  depends  much  upon  the  direction  of  the  land  and 
mountains  being  parallel  or  perpendicular  to  the  course  of  the  pre- 
vailing winds.  For  instance.  South  and  Central  America  nm  acroBB 
the  line  of  direction  of  the  trade-winds  and  calms,  which  coming 
loaded  with  vapour  pour  down  torrents  of  rain  on  the  extensive 
eastern  plains  to  feed  the  rich  vegetation  and  supply  the  tributaries 
of  the  Orinoco  and  Amazon  with  water,  so  that  when  they,  reach  the 
Cordilleras  of  the  Andes  they  have  just  moisture  enough  left  to 
whiten  them  with  snow,  and  descend  to  the  arid  soils  of  Peru  and 
New  Mexico  as  dry  and  parching  winds.  The  northern  part  of 
Chile  is  under  the  same  influence  during  that  season  which  is  our 
winter ;  but  when  the  sun  goes  N.  with  his  attendant  trade-winds 
and  calms,  Chile  is  left  to  the  extratropical  N.W.  winds,  which 
cooled  by  the  temperature  on  the  tops  of  its  stupendous  Andes 
deposit  abundance  of  moisture. 

In  Chile  and  the  south-western  part  of  America  winter  is  the 
rainy  season ;  while  on  the  eastern  side  of  the  Cordilleras,  in  the 
interior  of  the  chain,  the  rains  occur  in  summer.  In  I'ierra  del 
Fuego  and  the  extreme  point  of  the  continent  the  two  climatolo* 
gical  provinces  meet,  periodical  precipitation  disappears,  and  it  snows 
and  rains  throughout  the  year  in  torrents.  At  Cape  Horn  the  quan- 
tity of  rain  which  fell  in  41  days  measured  nearly  154  inches. 
This  excessive  fall  occurs  along  the  whole  western  shores  of  Pati^ 
gonia,  from  the  strait  of  Magellan  to  Cape  Tres  Montes,  a  circum- 
stance owing  to  the  hi^h  and  rugged  coasts,  and  the  prevailing  extra- 
tropical  N.W.  winds  that  traverse  the  Pacific  loaded  with  vapour. 

The  monsoon  region  furnishes  another  instance  of  the  effect  of 
mountain-chains  u{X)n  the  fall  of  rain.  Throughout  the  whole  of 
that  region  it  is  not  the  sun  directly,  but  the  winds,  that  regulate 
the  periodical  rains.  That  region  extends  from  the  eastern  coasts 
of  Africa  and  Madagascar  across  the  Indian  Ocean  to  the  northern 
districts  of  Australia,  and  from  the  tropic  of  Capicom  to  the  face 


*  At  Dememra  six  inches  have  been  known  to  fall  in  12  hours.  The 
quantity  that  falls  in  Italy  isi  sometimes  very  great ;  at  Rome  half  the 
yearly  average  quantity  fell  in  15  hours. 
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of  the  Himalaya,  the  interior  of  China,  to  Corea,  and  even  round  the 
N.  of  Siheria  inclusive.  In  India  and  the  Eastern  Peninsula  the 
western  coasts  are  watered  during  the  S.W.  monsoon,  which  pre- 
vails from  April  to  October ;  and  the  eastern  coasts  during  the 
N.E.  monsoon,  which  blows  from  October  to  April.  For  example, 
the  S.W.  wind  condenses  the  vapour  on  the  summit  of  the  Ghauts, 
and  violent  rains  fall  daily  on  the  coast  of  Malabar,  while  on  the 
coast  of  Coromandel  the  sky  is  serene.  Exactly  the  contrary  takes 
place  during  the  N.E.  monsoon ;  it  rains  on  the  coast  of  Coromandel 
while  there  is  fair  weather  on  the  Malabar  coast,  and  the  table- 
land of  the  Deccan  partakes  of  both.  In  the  southern  hemisphere 
the  rainy  season  corresponds  with  the  K.W.  monsoon,  and  the  dry 
with  the  south-eastern. 

Since  heat  is  the  cause  of  evaporation,  rain  is  very  unequally 
distributed,  and  with  it  decreases  from  the  equator  to  the  poles. 
From  thQ  island  of  Haiti  in  the  Antilles,  to  Ulekborg  in  Finland, 
the  annual  quantity  of  rain  that  falls  decreases  from  107  inches 
to  13.  It  is,  however,  more  abundant  in  the  New  World  than  in 
the  Old.  The  following  rain-falls  in  the  tropics  are  interesting : — 
Singapore,  97  inches ;  Canton,  78  inches;  St.  Benoit,  Isle  of  Bourbon, 
163  inches ;  Sierra  Leone,  87  inches ;  St.  Domingo,  107  inches ; 
Bahamas,  52  inches;  Vera  Cruz,  183  inches;  Doldrums  of  the 
Atlantic,  225  inches ;  Maranhao,  280  inches.  The  rainfalls  of  tem- 
perate regions  vary — ^in  the  United  States  between  27  and  66  inches, 
and  in  Europe  from  104  inches  in  the  Alps  to  15  inches  in  some 
parts  of  Sweden  and  Russia. 

The  greatest  quantity  of  rain  falls  on  the  slopes  of  the  mountains, 
on  which  prevailing  winds  first  strike  after  having  blown  across  the 
greatest  extent  of  ocean.  The  more  abrupt  the  elevation,  and  the 
shorter  the  distance  between  the  mountains  and  the  sea,  the  greater 
the  amount  of  precipitation.  For  instance,  on  the  western  Ghauts 
the  mean  annual  quantity  is  302  inches.  But  the  fall  of  rain  at 
Khasyas,  on  the  face  of  the  Himalaya,  is  the  greatest  on  record. 
Mr.  Yule  established  the  fact  that  in  the  month  of  August,  1841, 
there  fell  264  inches  of  rain,  or  22  feet,  of  which  12^  feet  fell 
in  the  space  of  five  consecutive  days.  This  was  oonfinned  by 
Drs.  Hooker  and  Thomson,  who  measured  30  inches  of  rain  in  four 
hours,  and  above  500  inches  in  seven  months.  This  terrific  rainfall 
is  attributed  to  the  abruptness  of  the  mountains  which  face  the 
Bay  of  Bengal,  and  the  intervening  flat  swamps  200  miles  in  breadth. 

The  extent  of  country  on  which  rain  seldom  or  never  falls 
amounts  to  five  millions  and  a  half  of  square  miles.  The  most 
extensive  rainless  desert  stretches  from  Morocco  eastward  through 
North  Africa,  Arabia,  Persia,  and  the  desert  province  of  Mekran 
in  Beloochistan,  occupying  a  space  of  80  degrees  of  longitude  and 
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17  of  latitude.  The  Great  Gobi  on  the  table-land  of  Tibet,  and  pari 
of  Mongolia,  form  another  rainless  region  in  the  great  continent ; 
while  in  the  New  World  the  rainless  districts  are  the  table-land 
of  Mexico,  part  of  Guatemala,  California,  and  the  region  that  extends 
from  the  western  declivity  of  the  Andes  in  Peru  to  the  shores  of  the 
Pacific.  It  will  easily  be  seen,  by  reference  to  Mr.  Keith  Johnston's 
Chart  of  Rains,  that  the  prevailing  winds  are  deprived  of  their 
▼apour  by  condensation  before  arriving  at  these  rainless  deserta. 
The  Kalahari  desert  in  South  Africa,  and  Australia,  suffer  from 
periodical  droughts ;  but  the  periods  of  their  occurrence  are  not  yet 
ascertained.  The  Pampas  of  South  America  are  also  subject  to 
droughts,  though  they  are  not  periodical,  nor  do  they  last  more  than 
a  season. 

Between  the  tropics  it  rains  rarely  during  the  night,  and  for 
months  together  not  a  drop  falls ;  while  in  the  temperate  zone  it 
often  rains  in  the  night,  and  rain  falls  at  all  seasons,  though  more 
abundantly  in  some  than  in  others.  It  seldom  rains  in  summer 
throughout  the  N.  of  Africa,  Madeira,  the  southern  parts  of  Spain 
and  Portugal,  Sicily,  southern  Italy,  all  Greece,  and  the  north- 
western part  of  Asia ;  but  it  falls  copiously  during  the  other  seasons, 
especially  during  the  winter ;  consequently  that  extensive  region  is 
called  the  province  of  winter  rains.  In  the  strictly  western  districts 
of  Scotland,  December,  January,  and  February  are  the  rainiest 
months. 

The  province  of  autumnal  rains  includes  all  Europe  S.  of  the 
Carpathians,  western  France,  the  delta  of  the  Rhine,  northern  and 
western  Scandinavia,  and  the  British  Isles ;  throughout  these  coun- 
tries more  rain  falls  in  autumn  than  in  the  other  three  seasons. 

The  province  of  summer  rains  comprises  the  eastern  parts  of 
France,  the  Netherlauds  (with  the  exception  of  the  delta  of  the 
Rhine),  the  N.  of  Switzerland,  all  Germany  N.  of  the  Alps,  the  Car- 
pathian mountains,  Denmark,  southern  Scandinavia,  all  Central 
Europe,  and  the  countries  beyond  the  Ural  mountains  to  the  interior 
of  Siberia,  where  showers  are  very  rare  in  winter.  In  some  places 
it  rains  almost  perpetually,  as  in  the  island  of  Sitka,  on  the  north- 
eastern coast  of  North  America,  where  the  year  has  sometimea 
passed  with  only  40  days  of  fair  weather. 

South  Africa  and  Australia  resemble  each  other  in  their  rainy 
seasons,  which  in  both  countries  are  during  the  winter  months. 

The  number  of  rainy  days  depends  upon  the  direction  of  the  wind. 
In  Continental  Eurojie,  if  the  wind  always  blew  from  the  N.E.,  it 
would  seldom  rain,  because  it  blows  over  a  great  extent  of  con- 
tinent ;  whereas  it  would  never  cease  raining  were  the  wind  always 
to  blow  from  the  S.W.,  because  it  would  ever  come  loaded  with 
vapour  from  the  Atlantic.     Hence  the  greatest  quantity  falls  on  the 
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west  coasts  of  Great  Britain  and  Ireland,  the  coast  of  Scandinavia, 
the  Eastern  Alps,  and  the  centre  of  Portugal;  in  the  two  last  it 
depends  partly  on  the  height  and  form  of  the  mountains.  In  western 
Europe  it  rains  on  twice  as  many  days  as  in  the  eastern  part :  in 
Ireland  there  are  three  times  as  many  rainy  days  as  in  Italy  or 
Spain.  In  fact,  on  the  western  side  of  Ireland  it  rains  on  208  days 
out  of  the  365  ;  in  the  Hebrides  and  west  parts  of  Scotland  perhaps 
still  more.  In  England,  France,  and  the  north  of  Germany,  there 
are  from  152  to  155  rainy  days  in  the  year ;  the  number  decreases 
towards  the  interior  of  the  continent,  so  that  in  Siberia  it  only  rains 
on  60  days  in  the  year.  Occasionally  it  rains  over  a  wide  extent  of 
country  at  the  same  time ,  on  the  2nd  of  February,  1842,  it  rained 
in  North  America  over  1400  miles  in  length,  but  the  breadth  to 
which  it  extended  was  not  ascertained.  Rain  sometimes  falls  with- 
out visible  clouds,  from  a  partial  condensation  of  vapour ;  Sir  James 
0.  Ross  mentions  a  smart  shower  with  a  cloudless  sky  in  the  South 
Atlantic  on  the  20th  December,  1839  ;  it  continued  for  an  hour. 

§  4.  When  the  temperature  of  the  air  is  near  the  freezing-point  or 
below  it,  snow  falls  instead  of  rain  ;  but  the  colder  the  air  the  less 
moisture  does  it  contain,  consequently  the  less  snow  falls,  which  is 
the  reason  of  the  comparatively  small  quantity  on  the  high  plains 
of  Tibet  and  of  the  Andes.  Snow  sometimes  assumes  the  form  of 
grains ;  but  is  generally  in  regular  crystals  of  great  beauty,  varying 
in  form  according  to  the  degree  of  cold.  The  late  Dr.  Scoresby, 
whose  voyages  in  the  Polar  Seas  afforded  him  constant  opportunities 
of  studying  them,  mentions  five  principal  kinds  of  snow  crystals, 
each  of  which  had  many  varieties,  in  all  amounting  to  96.  M, 
Kamtz,  however,  is  of  opinion  that  there  are  several  hundred.  The 
whiteness  of  the  snow  is  owing  to  the  reflection  of  light  from  the 
minute  faces  of  its  crystals,  which  are  like  so  many  small  mirrors. 

Snow  never  falls  between  the  tropics  except  on  the  tops  of  very 
high  mountains.  The  mean  elevation  of  the  line  of  perpetual  snow 
above  the  level  of  the  sea  in  these  hot  regions  is  about  15,207  feet, 
from  whence  it  decreases  on  both  sides,  and  at  last  grazes  the  sur- 
fiwse  of  the  earth  at  the  arctic  and  antarctic  circles,  subject,  however, 
to  various  flexures.  In  the  Andes,  near  Quito,  the  lowest  level  has 
an  elevation  of  15,795  feet,  which  is  higher  than  the  top  of  Mont 
Blanc ;  from  thence  it  varies  very  irregularly  both  to  the  N.  and  S. 
In  18°  of  N.  lat.  it  descends  to  14,772  feet  on  the  mountains  of 
Mexico,  while  on  the  S.  it  rises  to  18,000  feet  in  some  parts  of  the 
western  Cordillera  of  the  Bolivian  Andes,  owing  to  the  extensive 
radiation  and  the  ascending  currents  of  heated  air  from  the  sub- 
jacent plains  and  valleys.  The  line  is  at  an  altitude  of  17,000  feet 
on  the  western  Cordillera,  whence  it  sinks  to  13,800  feet  at  Copiapo, 
to  12,780  near  Valparaiso;  it  is  only  7960  in  the  southern  pro- 
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longation  of  tlie  Chilian  Andes,  on  the  volcano  of  Antiico,  lat 
37^  40',  and  3390  in  the  Strait  of  Magellan.  In  lat.  31°  N.  the 
snow-line,  is  at  an  elevation  of  12,980  feet  on  the  southern  side  of 
the  Himalaya,  and  at  16,620  feet  on  the  northern  side,  while  Captain 
Gerard  gives  from  18,000  to  19,000  as  its  altitude  on  the  mountains 
of  the  Tibetian  table-land  N,  of  the  upi)er  valleys  of  the  Indus  and 
Sutlej.  On  Mont  Blanc  the  line  is  at  the  height  of  8500  feet ;  so 
that  mountain  is  snow-clad  for  7000  feet  below  its  summit.  In 
the  Pyrenees  it  is  at  8184  feet,  and  at  the  island  of  Mageroe,  on  the 
coast  of  Norway,  it  is  at  2160  feet  above  the  Polar  Ocean. 

In  the  southern  hemisphera  snow  never  falls  on  the  low  lands  at 
the  level  of  the  sea  N.  of  the  48th  parallel  of  latitude,  on  account 
of  the  predominance  of  water,  whereas  in  the  northern  hemisphere  it 
falls  on  the  plains  in  much  lower  latitudes,  on  account  of  the  excess 
of  land ;  but  its  limit  is  a  curved  line,  on  account  of  the  alternations 
of  land  and  water.  In  the  western  part  of  the  great  continent  the 
southern  limit  of  the  fall  of  snow  on  the  low  lands  nearly  coincides 
with  the  30th  parallel  of  N.  latitude,  so  that  it  includes  all  Europe. 
In  the  American  continent  it  follows  nearly  the  same  line,  extending 
through  the  southern  parts  of  the  United  States.  In  China  snow 
falls  at  the  level  of  the  sea  as  far  south  as  Canton ;  on  the  north- 
western coast  of  America,  on  the  contrary,  it  does  not  fall  at  that 
level  till  about  the  48th  degree  of  N.  lat. — these  are  the  two  ex- 
tremes. Although  Europe  lies  within  the  region  of  snow,  the 
quantity  that  falls  is  very  different  in  different  places,  increasing 
greatly  from  S.  to  N.  On  an  average  it  snows  only  one  day  and  a 
half  at  Rome  in  the  year,  while  at  Petersburg  there  are  171  snowy 
days ;  but  in  tliat  city  the  quantity  of  rain  is  to  that  of  melted 
snow  as  1000  to  384.  Snow,  by  protecting  the  ground  from  cold 
winds,  as  well  as  by  its  slow  conducting  power  and  by  preventing 
radiation,  maintains  the  earth  at  a  higher  temperature  than  it 
otherwise  would  have.  In  Siberia  the  difference  between  the  tem- 
perature of  the  ground  beneath  the  snow  and  that  of  the  air  aboye 
it  has  amounted  to  38°  Fahrenheit, 

Sleet,  which  is  formed  of  small  particles  of  rounded  hail  mixed 
with  rain,  falls  in  squally  weather  in  spring  and  autumn.  True 
hail,  when  large,  is  pear-shaped,  and  consists  of  a  nucleus  of  frozen 
snow  coated  with  ice,  and  sometimes  with  alternate  layers  of  snow 
and  ice.  Hailstones  have  often  fallen  as  large  as  the  egg  of  a  hen, 
or  even  that  of  a  goose.  The  masses  and  blocks  of  ice  of  great  size, 
which  have  not  unfrequently  fallen,  appear  to  have  been  formed  by 
the  agglomeration  of  hailstones  of  large  size  frozen  together ;  one  the 
size  of  a  millstone  fell  near  Seringapatam,  which  it  required  three 
days  to  melt.  It  appears  to  be  formed  in  the  high  cold  regions 
of  the  atmosphere  by  the  sudden  condensation  of  vapour  daring 
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the  contention  of  opposing  winds,  and  is  intimately  connected  with 
electricity,  since  its  fall  is  generally  accompanied  with  thunder  and 
lightning.  Hail-^howers  are  of  short  duration,  exceedingly  partial, 
and  extend  over  a  countiy  in  long  narrow  bands :  one  which  took 
place  on  the  13th  of  July,  1788,  began  in  the  morning  in  the  South 
of  France  and  reached  Holland  in  a  few  hours,  ravaging  a  narrow 
line  of  country  in  its  passage.  On  the  Slst  September,  1856,  a  strip 
of  country  near  Florence  was  ruined  during  a  violent  thunder-storm 
by  hailstones  weighing  12  and  14  ounces. 

Local  circum^itances,  no  doubt,  have  a  great  influence  on  the  for- 
mation of  hail :  it  occurs  more  frequently  in  countries  at  a  little 
distance  from  mountains  than  in  those  close  to  them  or  farther  off, 
and  at  all  hours,  but  most  commonly  at  the  hottest  time  of  the 
day,  and  rarely  in  the  night  In  the  interior  of  Europe  one-half 
of  the  hail-storms  take  place  in  summer.  Hail  is  rare  on  the  tropical 
plains,  and  almost  altogether  imknown  ;  it  falls  at  times  at  heights 
of  1700  or  1800  feet,  and  at  still  greater  elevations, — in  the  Bolivian 
Andes,  for  example,  above  13,000,  and  on  the  table- land  of  Ethiopia 
at  heights  between  6000  and  10,000  feet.  The  same  has  been 
observed  in  India,  where  hailstorms  occur  in  the  lower  regions  of 
the  Himalaya  and  in  the  Neilgherries  at  elevations  of  3000  and 
6000  feet.*  If  the  air  is  very  cold  throughout  the  greater  part  of 
the  stratum  through  which  hail  falls,  it  is  probably  increased  in 
size  during  its  descent ;  and,  on  the  contrary,  large  drops  of  rain 
which  precede  a  thunder-storm  are  supposed  to  be  hail  melted  in 
its  passage  through  low  warm  air.  Thus  the  thin  impalpable  air  is 
the  storehouite  of  vapours,  and  clouds,  and  storms,  breathing  softly 
over  sea  and  land,  and  watering  the  earth  with  gentle  showers  at 
one  time,  and  at  another  rushing  with  the  fury  of  the  hurricane,  or 
heaving  along  the  dark  cloud  with  the  thunder-bolt,  the  hail,  and 
the  torrent.  It  cames  warmth  to  melt  the  winter  snow,  and  cold  to 
temper  the  summer  heat ;  viewless  as  it  is,  it  contains  the  solid 
matter  which  feeds  vegetation,  from  the  impenetrable  forest  of  the 
equator  to  the  lichen  which  so  scantily  covers  the  polar  rocks,  and 
on  it  every  creature  that  exists  on  the  land  or  in  the  waters  depends 
for  life,  and  heat,  and  nourishment. 

LIGHT.' 

§  5.  We  know  nothing  of  the  size  of  the  ultimate  particles  of 
matter,  except  that  they  must  be  inconceivably  small.    The  air  is 


'  Baist  on  Hailstorms  in  India,  in  *  Transactions  of  Bombay  Geographical 
Society,'  vol.  xii. 

'  The  celestial  regions  are  filled  with  an  extremely  rare  and  highly 
elastic  medium  or  ether,  whose  particles  are   capable  of  receiving  the 
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only  viaible  when  in  mass ;  tbe  smallest  globule  of  iteam  tells  no 

more  of  its  atoms  thao  the  immensity  of  the  ocean  ;  the  minutert 
grain  of  sand  magnified  a|ipeani  like  the  fragment  of  a  rook — no 
mechanical  divisiou  can  arrive  at  the  indivisible.  Although  tbe 
ultimati^  atoms  are  beyond  the  power  of  vision,  chemical  componnda 
show  that  the  divisibility  of  matter  has  a  limit,  and  that  the  par- 
ticlai  have  different  densities ;  mureovcr,  the  cleavaj^e  of  crystalline 
substances  affords  reason  to  believe  that  they  liave  ililTerent  forms.' 
Thus  the  reasoning  power  of  man  has  come  to  Che  aid  of  his  imper- 
fect sense  of  vision,  so  Chat  what  were  before  imai^inary  things  tre 
now  teal  beings  with  delinite  weights,  and  united  by  fixed  laws. 
Though  nothing  had  been  known  of  thtir  size,  thtir  effects  w«« 
evident  in  tbe  perceptions  of  sweet  and  sour,  salt  and  bitter,  sod  in 
the  endless  varieties  of  aroma  In  the  food  we  eat  and  the  liquors 
we  drink.  Every  substance  on  earth  is  merely  a  temporary  com- 
IKiund  of  the  ultimate  atoms,  sooner  or  later  to  be  resolved  into  ila 
pristine  elements,  which  are  again  tu  be  combined  in  other  forms, 
and  according  Ui  other  laws ;  so  that  literally  there  is  nothing  new 
under  the  sun,  for  there  is  no  evidence  of  new  matter  being  added 
to  the  earth,  except  in  the  case  uf  meteorites,  nor  of  that  which 
exists  Uing  annihilated.  Fire,  which  seems  utterly  to  destroy, 
only  resolves  bodies  into  their  e' 
they  were  before,  the  support  uf  animal  o 

Tibratioiia  commiinicatrd  to  them  by  Beir-luiuinoui  bodiet,  mnd  at  tr*B»- 
•  of  the  ey«,  30  »s  to  produce  the  Mn«tioa 
depentla  upoo  the  eiteot  of  the  vibratioa* 
ilD  colour  dependa  upon  their  frequency. 
Heat,  like  light,  is  a  vibration  of  the  purtlcles  of  elher ;  thej  are  both 
fbri»i,  and  Mt  as  such.     Id  fact,  beat  is  merely  h  force  of  eipsnsiun,  which 

mometer,  but  it  beiomei  seiuible  by  compressioD.  Tbua  the  beat  ID  th« 
■ir  may  be  wjueeied  out  mi  as  lo  iguile  tinder;  consequently  it  ia  eKaagtd 
into  liiht.  Hencf  latmt  heat  and  ciluric  are  no  lon^r  ailmiasihic  term*,  for 
the  former  b  a  funr  of  expansion,  and  tbe  Uller  u  iimply  >  force.  It  n 
DOW  proved  bevond  a  doubt  tbat  light,  heal,  chemical  action,  electricity, 
aad  maguetiiini,  are  forces,  or  rather  powers,  aubject  to  dynamical  lawa,  and 
that  thej  are  correlative,  or  that  they  mutually  prodoce  or  merge  into  oae 
another.  Thus  heat  produces  electricity,  and  electricity  producbi  heat; 
chemical  actiiio  produces  light,  and  light  producei  chemical  action,  be    All 

only  act  on  one  another  through  the  medium  of  matter  ahich  is  permeable 
to  the  ether.  It  is  evident  tbat  the  idea  of  electricity  and  nugnetiim  twing 
tluiilo  mual  be  rejected  ;  they  are  powert,  and  act  on  matter  at  inch.— S«* 
the  'Coaneiion  of  the  Physical  Scienco.'  by  Uary  Somerville. 

'  The  reader  is  referred  to  the 'Cunneiion  of  the  Physical  ScieacM'for 
an  account  of  Ualton's  theory  of  dednile  proportiana,  and  tbe  relativa 
weight  of  atonu ;  and  to  Dr.  I^ubenj'i  work  on  tbe  Atomic  Tbwry. 
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oew  mineral  compounds.  It  is  to  the  action  of  these  particles  on 
the  light  of  the  sun  that  nature  owes  all  its  colours. 

When  a  suuheam  passes  through  a  glass  prism,^  an  ohlong  image 
of  it  is  formed,  consisting  of  colours  in  the  following  order ;  red, 
orange,  yellow,  green,  blue,  indigo,  and  violet.  Sir  John  Herschel 
discovered  lavender  rays  beyond  the  violet,  and  dark  red  rays 
exterior  to  the  red,  which  are  not  so  easily  brought  into  evidence  as 
the  rest. 

Even  the  most  transparent  substances  absorb  light ;  air,  water,  the 
purest  crystal,  arrest  some  of  the  rays  as  they  pass  through  them. 
A  portion  of  the  light  is  also  reflected  from  the  surface  of  all  bodies ; 
were  it  otherwise,  they  would  be  invisible.  We  should  be  uncon- 
scious of  the  presence  and  form  of  material  substances  beyond  our 
reach  except  by  the  reflected  rays, — 

"  The  mi«t  of  light  from  whence  they  take  their  form 
Hides  what  they  are." 

As  the  same  light  does  not  come  to  all  eyes,  each  ]3erson  sees  his 
own  rainbow,  the  same  flower  by  different  rays.  White  sub- 
stances reflect  all  the  light,  black  substances  absorb  all  but  that 
which  renders  them  visible,  while  coloured  bodies  decompose  the 
light,  absorb  some  of  the  colours,  and  reflect  or  transmit  the  rest. 
Thus  a  violet  absorbs  all  but  the  violet  rays,  which  it  reflects ;  a  red 
flower  only  reflects  the  red  and  absorbs  .the  rest ;  a  yellow  substance 
absorbs  all  but  the  yellow.  In  the  same  manner  transparent  sub- 
stances, whether  solid  or  fluid,  absorb  some  colours  and  transmit 
others :  thus  an  emerald  absorbs  all  but  the  green,  a  ruby  all  but 
the  red ;  whereas  a  diamond  does  not  decompose  the  light,  but 
transmits  every  ray  alike.  Very  few,  however,  of  the  colours, 
whether  transmitted  or  reflected,  are  pure,  but  the  substance  takes 
its  hue  from  the  colour  that  predominates. 

The  atmosphere,  where  rarefied,  absorbs  all  the  colours  of  the 
sun's  light  except  the  blue,  which  is  its  true  colour.*  In  countries 
where  the  air  is  pure,  the  azure  of  the  sky  is  deep ;  it  is  still  more 
so  at  great  elevations,  where  the  density  of  the  air  is  less ;  and  its 
colour  is  most  beautiful  as  it  gradually  softens  the  outlines  of  the 
mountains  into  extreme  distance,  or  blends  the  sea  with  the  sky. 
When  the  sun  is  near  the  horizon,  the  atmosphere,  on  account  of  its 
superior  density,  absorbs  the  violet  and  blue,  and  leaves  the  yellow 
and  red  rays  in  excess ;  that  property,  together  with  the  refractive 

'  The  reader  is  referred  to  the  18th  Bection  of  the  *  Physical  Sciences  * 
for  reflection,  refraction,  and  absorption  of  light,  and  to  the  19th  section  for 
the  constitution  of  the  solar  light  and  colours. 

'  Professor  Tyndall  has  proved  that  the  blue  colour  of  the  sky  is  owing 
to  the  reflection  of  the  blue  rays  of  the  sun  by  inflnitessimal  particles  of 
Mqneotu  vapour  floating  in  the  highest  re^oos  of  the  atmosphere. 
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power  of  the  aqueous  vapour,  which  is  most  abundant  near  the 
earth's  surface,  gives  the  roseate  hue  to  the  early  morning,  and  the 
gold  and  scarlet  tints  to  the  closing  day.  The  blending  of  these 
colours  with  the  blue  above  jiroduces  that  beautiful  vivid  green  so 
frequently  seen  in  Italy  and  other  warm  countries.  The  last  reflected 
rays  of  the  setting  sun  are  red,  which  gives  a  rose-coloured  tint  to 
the  Alpine  snows,  and  below  the  red  the  shadow  of  the  earth  is 
sometimes  cast  u[X)n  the  atmosphere  in  the  form  of  a  deep  blue 
segment,  known  as  the  ante-twilight.  The  air  reflects  and  scatters 
part  of  the  white  solar  beams,  whence  the  brightness  and  cheerful- 
ness of  day ;  were  it  not  for  that  reflective  power,  the  sun  and  moon 
would  be  like  sharply  defined  balls  of  fire  in  the  profoundly  black 
vault  of  the  heavens,  and  dark  night  would  instantly  follow  sunset. 
When  the  sun  is  18  degrees  below  the  horizon,  the  air,  at  the  height 
of  30  miles,  is  still  dense  enough  to  reflect  his  rays,  and  divide 
the  day  from  the  night  by  the  sober  shades  of  twilight.  Between 
the  tropics  twilight  continues  from  the  setting  of  the  sun  till  he  is 
16  degrees  below  the  horizon,  in  middle  latitudes  until  he  is  18 
degrees,  and  in  the  polar  regions  until  he  is  20  degrees ;  then  and 
then  only  does  real  night  begin :  at  Edinburgh  there  is  no  real  night 
from  the  6th  of  May  until  the  7th  of  August,  in  London  there  is 
none  from  the  21st  of  May  till  the  22nd  of  July,  and  in  Paris  there 
is  no  true  night  in  the  month  of  June. 

A  considerable  portion  of  the  sun's  li'.:ht  is  absorbed  by  the  atmo- 
sphere :  the  loss  increases  with  the  obliquity  of  iucidence  and  the 
density  of  the  air.  It  is  diminished  1300  times  by  the  thickness  of 
the  air  at  the  horizon,  which  enables  us  to  look  at  the  sun  when 
setting  without  being  dazzled.* 

§  6.  The  bending  or  refraction  of  the  sun*s  light  passing  through 
the  atmosphere  causes  distant  objects,  as  mountains,  to  appear 


^  The  photometer  is  an  liutrument  invented  by  the  late  Sir  John  Leslie 
for  measuring  the  relative  intensity  of  light  and  its  variations,  upon  the 
principle  that  the  heat  contained  in  solar  light  is  a  measure  of  the  in- 
tensity of  light.  Sir  John  computed  that  one-fourth  of  the  light  of  the 
sun  is  absorbed  by  the  atmosphere,  and,  with  regard  to  obliquity  of  inci- 
dence, that,  out  of  1000  rays  which  fall  obliquely  on  the  earth,  only  378 
reach  it  at  the  equator,  288  in  the  latitude  of  45°,  and  110  at  the  poles; 
in  England  the  light  measured  by  the  photometer  is  65°  greater  in  in- 
tensity in  summer  than  in  winter. 

Professor  Secchi  says  that  Leslie's  photometer  is  now  acknowledged  to 
be  a  simple  thermometer :  as  light  can  be  said  to  be  efficient  on  earth  as 
accompanied  by  heat  and  chemical  action,  so  the  measures  by  the  pho- 
tometer of  Leslie,  or  actinometer,  are  very  useful,  but  they  should  be 
accompanie<l  also  by  a  study  and  researches  on  chemical  action,  which  until 
lately  were  omitted.  The  observations  of  Professors  Rouse  and  Bonsen  on 
the  diurnal  and  annual  variation  in  the  actinic  power  of  light  promise  to 
add  much  to  our  knowledge  on  thu  subject. 
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higher  than  they  are.  It  increases  with  the  density  of  the  air  and 
the  ohliquity  of  incidence,  and  on  that  account  the  sim  is  seen  above 
the  horizon  after  he  is  really  below  it,  or  has  set,  and  also  before  he 
has  really  risen.  During  the  winter  of  1820,  which  the  expedi- 
tion under  Sir  Edward  Parry  passed  at  Melville  Island,  in  70°  47' 
N.  lat.,  the  sun  did  not  rise  for  92  days;  but  in  consequence  of 
extraordinary  refraction  he  appeared  above  the  horizon  on  the  Srd 
of  February,  which  was  three  days  sooner  than  he  ought  to  have 
done,  unaided  by  refraction. 

The  sun  and  moon  often  appear  distorted  at  their  rising  and  setting, 
because  the  looming,  or  extraordinary  refraction,  is  greatest  in  the 
morning  or  evening,  from  the  increased  density  of  the  air  at  the 
surface  of  the  earth  by  reason  of  the  cold.  This  distortion  of  objects 
if  occasioned  by  the  rays  of  light  passing  through  strata  of  air  of 
different  densities ;  from  this  cause  objects  are  sometimes  seen  in- 
verted, and  three  images  of  the  same  object  occasionally  appear,  two 
direct  and  one  inverted. 

Mirage,  or  the  delusive  appearance  of  water,  so  frequent  in  deserts, 
is  owing  to  the  reflection  of  light  between  two  strata  of  air  of 
different  densities,  occasioned  by  the  radiation  of  heat  from  the  arid 
soiL  It  is  very  common  on  the  extensive  plains  of  Asia  and  Africa, 
and  especially  in  Upper  Egypt ;  villages  on  small  eminences  above 
the  plain  appear  as  if  they  were  built  on  islands  in  the  middle  of  a 
lake  when  the  dry  sandy  ground  is  heated  by  the  mid-day  sun. 
Sometimes  objects  appear  double,  and  occasionally  several  images 
appear  above  one  another,  some  direct  and  some  inverted ;  this  is 
particularly  the  case  in  high  latitudes,  where  the  Icy  Sea  cools  the 
the  stratum  of  air  resting  on  it.^ 

In  the  polar  regions,  or  on  the  tops  of  mountains,  when  the  sun 
is  on  or  near  the  horizon,  the  shadow  of  a  person  is  sometimes 
thrown  on  an  opposite  cloud  or  mist,  the  head  being  surrounded  by 
concentric  coloured  rings  or  circles,  the  number  varying  from  one  to 
five.  Dr.  Scoresby  saw  four  of  these  rings,  on  one  occasion,  round 
the  shadow  of  his  head,  as  he  stood  between  the  sun  and  a  thick 
low  fog :  the  first  ring  consisted  of  concentric  bands  of  white,  yellow, 
red,  and  purple;  the  second  consisted  of  bands  of  blue,  green, 
yellow,  red,  and  purple;  the  third  of  green,  white,  yellowish 
white,  red,  and  purple ;  and  in  the  fourth  the  bands  were  greenish 
white,  deeper  on  the  edges.  Mr.  Green,  at  the  height  of  two  miles, 
saw  the  shadow  of  his  balloon,  surrounded  by  three  coloured  rings, 
on  a  doud  below.  These  appearances,  called  glories^  or  fog-images, 
and  the  coronae,  or  small  concentric  coloured  circles  which  surround 
the  sun  or  moon  when  partly  obscured  by  thin  white  clouds,  are 

-  *  For  the  caiue  of  mirage,  see  the  *•  Connexion  uf  the  Physical  Sciences.' 
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owing  to  the  refrtclion  of  Uie  light  in  the  aqueous  particles  of  the 
cloud  ur  fog.  'i'he  colours  in  the  ooucentric  buida  of  the  corome, 
howerer,  differ  from  the  for^uiug;  that  nearest  the  sua  is  of  deep 
blue,  white,  and  red;  the  circle  exterior  to  Chat  cuDsists  of  putple,  blue, 
greeu,  pule  yellow,  and  red ;  but  the  series  is  very  rarely  complete. 
Ualos,  which  surround  the  sun  io  lai^e  circles,  or  a  complicated 
combinatioa  of  circles,  are,  on  the  contrary,  supposed  to  be  pro- 
duced by  the  li^ht  falling  on  minute  crystals  of  Ice  suspeuded  ia 
the  atmospliere  ;  they  are  particularly  brilliant  and  frequent  in  high 
latitudes.  It  is  scarcely  poasiUe  (o  give  an  idea  of  theue  beautiful 
and  singular  objects.  Sometimes  a  targe  coloured  circle  Burrouods 
the  sun  or  passes  through  his  centra,  which  is  occasionally  toochad 
or  cut  by  segments  of  others,  Une  seen  at  St.  Petersburg  on  the 
29th  of  June,  1790,  consisted  of  four  coloured  circles  of  different 
sizes  intersecting  each  other,  which  were  either  cut  or  touched  by 
segments  of  eight  others,  and  at  the  points  of  intersection  mock  sons 
or  parhelia  ap|ioared.  The  sky  is  very  hazy  on  these  occasions. 
Mock  suns,  without  circles  and  halos,  are  by  no  means  nncommon, 
and  halos  are  often  seen  round  both  sun  and  moon,  but  seldom  of 
that  complicated  kind,  'iliey  are  situate  between  the  obNerver  and 
the  sun,  whereas  the  rainbow  is  always  in  that  part  of  the  sky 
opposite  the  sun,  because  it  is  produced  by  refraction  and  reflection 
of  the  sun's  rays  In  the  drops  of  raiu ;  and  when  the  light  is  inleuse 
and  the  rain  abundant,  there  are  two  concentric  bows,  the  prismatic 
colours  of  the  innermost  of  which  are  the  most  vivid,  the  violet 
being  within  and  the  red  outside :  sometimes  the  inner  edge  exhibits 
a  repetition  of  colours  in  Gne  fringes,  in  which  red  and  green  pn- 
dominate.  The  colours  are  reversed  in  the  exterior  bow,  the  violet 
being  outride  and  the  red  on  the  inner  edge.  Besides  these  two 
principal  aud  most  common  bows,  supernumerary  rainbows  occasion* 
ally  appear  within  the  interior  bow,  generally  green  and  violet, 
though  they  are  sometimes  more  or  less  perfect  repetitions  of  all  the 
colours,'  The  visible  extent  of  the  Ixjw  depends  upon  the  altitude 
of  the  sun  and  the  position  of  ibe  spectator.  As  a  lino  joining  the 
centres  of  the  sun  and  bow  must  pass  through  the  eye  of  the  speo- 
tatur,  the  altitude  of  the  son  most  lie  less  than  45%  aud  only  a 
portion  of  the  bow  can  be  seen  from  a  plain  i  but  the  com[dete 
circle  may  be  visible  to  a  person  on  the  top  of  a  high  mountain 
when  the  suii  is  low,  except  the  small  portion  intercepted  by  his 
shadow.    In  squally  weather  a  rainbow  is  sometimes  seen  on  a  bine 

'  In  the  primgry  bo*  the  light  ia  twice  refracted  and  once  reflected  in 
the  raiu-ilropa,  while  in  the  eitemal  bow  it  ia  twice  refracted  sad  twice 
retlected ;  and  as  light  ii  lo>t  at  each  refraction  and  rtflectiou,  the  inlcrioi' 
bow  ia    the  hrighteit.      Sit  David  Brtweter  fonnd  l^t  the  light  of  th* 
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sky  when  rain  is  falling,  but  it  is  generally  on  clouds ;  it  is  con- 
stantly seen  when  the  sun  shines  on  the  fine  drops  of  fountains 
and  cascades,  and  on  the  grass  in  a  dewy  morning.  As  the  light 
of  the  moon  is  feeble,  lunar  rainbows  are  rare,  and,  for  the  most 
part,  colourless.  In  the  early  morning,  when  the  sun  throws  his 
slanting  beams  across  the  fields,  a  miniature  bow,  with  all  its  vivid 
colours,  may  be  seen  in  each  dewdrop  as  it  hangs  on  the  points  of 
the  bending  grass. 

J  7.  Light  is  said  to  be  polarized  when,  after  having  been  once 
refracted  or  reflected,  it  is  rendered  incapable  of  being  again  refracted 
or  reflected  at  certain  angles.  For  example,  if  a  crystal  of  brown 
tourmaline  be  cut  longitudinally  into  thin  slices,  and  polished,  the 
light  of  a  candle  may  be  seen  through  a  slice  as  if  it  were  glass. 
But  if  one  of  these  slices  be  held  perpendicularly  between  the  eye 
and  the  candle,  and  a  second  slice  be  turned  round  between  the  eye 
and  the  other  plate  of  tourmaline,  the  image  or  the  candle  will 
vanish  and  come  into  view  at  every  quarter-revolution  of  the  plate, 
varying  through  all  degrees  of  brightness  down  to  total  or  almost 
total  evanescence,  and  then  increasing  again  by  the  same  degrees  as 
it  had  decreased.  Thus  the  light,  in  passing  through  the  first  plate 
of  tourmaliue,  is  said  to  be  polarized,  because  it  has  been  rendered 
incapable  of  passing  through  the  second  piece  in  certain  positions. 

A  ray  of  light  acquires  the  same  projjerty  if  it  be  reflected  from 
a  pane  of  plate-glass  at  an  angle  of  57° ;  it  is  by  that  rendered 
incapable  of  being  reflected  by  another  pane  of  plate-glass  in  certain 
definite  positions,  for  the  image  of  the  light  vanishes  and  reappears 
alternately  at  every  quarter-revolution  of  the  second  pane. 

If  a  thin  plate  of  mica  be  interposed  when  the  image  of  the  candle 
has  vanished,  the  darkness  will  instantly  disappear,  and  a  succession 
of  the  most  gorgeous  colours  will  come  into  view,  varying  with 
every  inclination  of  the  mica  from  the  richest  reds  to  the  most  vivid 
greens,  blues,  and  purples.  The  most  splendid  colours  arranged  in 
symmetrical  forms  are  exhibited  by  thin  plates  of  an  infinite  variety 
of  substances  besides  mica.  They  display  some  of  the  most  beau- 
tiful objects  in  nature,  and  show  differences  otherwise  inappreciable 
in  the  arrangement  of  the  molecules  of  ciystalline  bodies.^ 

Ars^o  discovered  that  the  light  of  the  sun  is  polarized  by  the 
reflection  of  the  atmosphere,  but  not  equally  so  on  every  part  of  the 
sky ;  the  polarization  is  least  in  the  vicinity  of  the  sim,  ^d  greatest 
at  90°  from  him,  for  there  his  light  is  reflected  at  an  angle  of  45°, 
which  is  the  polarizing  angle  for  air.*  There  are  three  points  in  the 


'  For  phenomena  and  theory  of  polarized  light,  see  section  21,  *  Connexion 
of  the  Phjdical^Sciences.' 

*  Every  substance,  whether  solid  or  fluid,  has  its  own  polarizing  angle. 
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Rkj  where  the  light  ia  not  poUriiwd ;  one  of  these  neutral  poinU, 
liiscovereil  by  M.  Arago,  ia  18°  03'  above  the  point  diametrically 
opposite  to  the  Bun  when  he  is  in  the  horizon ;  the  secoud  neutral 
point,  discovered  by  M.  Babiuet,  \t  18°  SO*  above  the  aim  when 
he  is  rising  or  setting;  and  the  third,  diacovered  by  Sir  David 
Brewster,  is  15°  or  16°  below  the  sun.  These  poinU  vary  with  the 
height  of  the  sun,  and  the  two  latter  rise  and  coincide  in  his  centre 
when  he  ia  in  the  zenith.' 

Now  the  portion  of  polarised  light  sent  to  the  eye  from  any  put 
of  a  clear  sty  is  in  a  plane  passing  through  that  point,  the  eye  of 
the  observer,  and  the  centra  of  the  sun.  If  that  point  be  the  N.  pole 
of  the  heavens,  it  is  clear  that,  as  the  sun  moves  in  his  diumal 
course,  the  plane  will  move  with  him,  as  an  hour  circle,  and  may  ba 
used  as  a  dial  to  determine  the  hour  of  the  day.  Profttsor  Wheat- 
stone,  by  whom  that  beautiful  application  of  the  polarization  of  the 
atmosphere  has  been  made,  has  constructed  a  clock,  of  very  simple 
form,  which  shows  the  time  of  day  witb  great  accuracy,  and  which 
has  many  advantages  over  a  sundial. 

BLECTBIOITT. 

§  8.  Electricity  pervades  the  earth,  the  air,  and  all  substancea, 

without  giving  any  visible  sign  of  its  existence  when  in  a  quiescent 
staM,  but,  when  elicited,  it  exhibits  forces  capable  of  producing  the 
most  sudden,  violent,  and  irresistible  effects.  It  is  roused  from  its 
dormant  state  by  every  disturbance  in  the  chemical,  mechanical,  or 
caloritic  condition  of  matter.  There  are  two  kinds  of  electricity, 
pouitivo  and  ne;^ative.'  When  bodies  have  different  kinds  of 
electricity  they  attract  each  other,  and,  when  nut  opposed,  the  elec- 
tricity coalesces  with  great  rapidity,  producing  the  flash,  explosion, 
and  shoch,  and  that  with  the  more  violence  the  greater  the  tension 
or  jirassure  of  the  electricity  on  the  surrounding  air  which  resists  its 
escape.  Equilibrium  ia  then  restored,  and  the  electricity  remains 
quiescent  till  called  forth  by  a  new  exciting  cause.  When  similarly 
electrified  they  repel  each  other.  Tlie  electrical  state  of  substances 
is  easily  disturbed,  for,  without  contact,  positive  electricity  tends  to 
produce  negative  electricity  in  a  body  near  it,  and  vUe  versd :  the 
latter  ia  then  said  to  be  electric  by  induction. 

The  electricity  of  the  atmosphere  arises  from  evapoiation,  con- 
densation, and  the  chemical  changes  that  ftie  In  perpetual  progress 
on  the  earth's  surface  ;  no  electricity,  however,  is  developed  by  the 
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evaporation  of  pure  water,  but  it  arises  abundantly  from  water  oon- 
taining  matter  susceptible  of  chemical  action  during  the  evApo- 
ration;   consequently  the  ocean  is  one  of  the  greatest  sources  of 
atmospheric  electricity ;  it  ascends  with  the  vapour  into  the  higher 
regions  of  the  atmosphere,  where  there  is  always  a  great  quantity  of 
positive  electricity,  which,  like  the  magnetism  of  the  atmosphere, 
increases  with  the  diminished  temperature,  and  accounts  for  the 
violent  electrical  explosions  on  the  high  plains  of  the  Andes ;  and 
the  Acroceraunian  mountains  have  obtained  their  name  from  the 
frequent  thunder-storms  to  which  they  are  liable.    Combustion  is 
another  source,  and  a  large  portion  arises  from  vegetation.    The  air» 
when  pure,  is  almost  always  positively  electric ;  but  as  the  chemical 
changes  on  the  earth  sometimes  produce  positive  and  sometimes 
negative  electricity,  it  is  subject  to  great  local  variations ;  a  passing 
cloud  or  a  puif  of  wind  produces  a  change,  and  a  distant  storm 
renders  it  negative  for  the  time,  but  the  earth  is  always  in  a  n^a- 
tive  state.    The  quantity  of  electricity  varies  with  the  hours  of  the 
day  and  the  seasons ;  it  is  more  powerful  in  the  hours  after  snnaet, 
from  which  it  becomes  less  as  the  night  advances,  in  winter  than 
in  summer,  and  it  diminishes  from  the  equator  to  the  poles.     It 
thunders  daily  in  many  places,  in  others  never,  as  on  the  E.  coast 
of  Peru  and  in  the  Arctic  regions,  except  where  there  are  violent 
volcanic  explosions,  which  always  generate  electricity,  as  in  Iceland. 
Wherever  there  are  no  trees  or  high  objects  to  conduct  it  to  the 
ground,  the  quantity  of  positive  electricity  increases  with  the  hei^t 
above  the  surface  of  the  earth.  Violent  thunder-storms  take  place  on 
the  highest  summits  of  the  Andes  and  Himalaya  mountains.  La  Con- 
damine  encountered  a  violent  thunderstorm  on  a  peak  of  the  Cordil- 
leras at  the  height  of  15,970  feet.  On  the  high  table-land  of  Ethiopia 
they  are  violent,  and  so  frequent,  that  M.  d^Abbadie  calculates  it 
thunders  fifty-six  days  out  of  every  hundred.    In  general,  thunder- 
clouds in  our  latitudes  float  at  the  height  of  from  3000  to  5000  feet 
above  the  earth,  though  observers  on  the  summit  of  hills,  less  than 
a  quarter  of  a  mile  in  height,  have  seen  thunder-showers  below  them. 
Electricity  becomes  very  strong  when  dew  is  deposited,  especially 
after  sundown,  and  in  some  cases  it  is  strongly  developed  in  fogs, 
Mr.  Cross  found  it  so  powerful  on  one  occasion,  that  it  was  dangerous 
to  approach  the  apparatus  for  measuring  its  intensity.   A  continued 
succession  of  explosions  lasted  nearly  five  hours,  and  the  stream  of 
fire  between  the  receiving-ball  and  the  atmospheric-conductor  was 
too  vivid  to  look  at.    M.  Peltier  has  found  that  the  common  fogs 
arising  from  the  mere  condensation  of  the  moisture  in  the  air  are 
neutral,  but  that  others  which  are  produced  by  exhalations  from  the 
earth  are  sometimes  positive,  sometimes  negative;    the  subject, 
however,  requires  further  investigation. 
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Though  in  lonj^-continued  mild  raina  there  ftre  DO  toam  of 
electricity,  yet  when  rain  or  snow  tails  from  the  hi);her  ragioiu 
of  the  atmosphere  it  is  more  or  less  developed,  someCimes  pomtiT«, 
sometimes  negative,  depending  a  good  dea)  on  the  direction  of  the 
wind.  During  a  shiftiog  fall  of  snow  Mr.  Cross  elicited  electricitf 
enough  to  decompose  wal«r.  The  atmosphere  being  poaitiraty 
electric,  negative  rain  is  supposed  to  arise  from  the  evaporation  of 
the  drops  in  passing  through  dry  air ;  the  vapour  carries  off  the 
positive  electricity  and  lettves  the  drop  in  a  negative  state — a  cii- 
cumstance  which  seems  to  be  confirmed  by  the  electricity  of  cas- 
cades, near  which  there  always  is  more  or  less  negative  eleettici^; 
the  ix>9itive  is  condncted  into  the  earth,  while  the  other  remaina 
united  to  the  drops  of  the  cascade. 

The  inductive  action  of  the  earth  upon  the  clouds,  and  of  the 
different  strata  of  clouds  on  each  other,  prodnces  great  variations 
in  their  electrical  state.  Jf  rain  falls  Irom  the  lowermoet  of  two 
strata  of  positively  electrical  clouds,  the  inductive  action  of  the 
earth  renders  the  under  surface  positive  and  the  upper  negative,  and 
the  raio  is  positive.  By-and-by  the  under  surface  of  the  oioud  and 
the  earth  become  neutral ;  and  after  a  time  the  lower  cloud  become* 
charged  with  negative  electricity  by  the  induction  of  the  upper 
strata,  and  the  rain  is  then  negatively  electric  Clouds  are  T«y 
differently  chnrged;  and  when  clouds  differently  charged  meet,  an 
explosion  takes  place.  When  the  sky  is  clear  and  the  air  calm 
and  warm,  a  succession  of  small  white  fleecy  clouds  rising  Ta[ndly 
above  the  horizon  and  flying  swiftly  iu  the  very  high  regions  of  the 
atmosphere,  is  a  certain  presage  of  a  thunder-storm. 

Electricity  of  each  kind  is  probably  elicited  by  the  friction  of 
currents  of  air,  or  masses  of  clouds  moving  rapidly  in  different 
directions,  as  in  thunder-storms,  when  small  white  clouds  are  SMD 
flying  rapidly  over  the  black  mass  ;  yet  the  quick  and  im^lar 
motion  of  clouds  in  storms  is  probably  owing  to  the  strong  elecUical 
attraction  and  repulsion  among  themselves,  though  both  may  be 
conccrued  in  these  hostile  encounters.  When  two  clouds  differently 
charged  by  the  sudden  condensation  of  vapour,  and  driven  by 
coutendiii;;  winds,  approach  within  a  certain  distance,  the  thickneaa 
of  the  coatin;r  of  electricity  increases  on  the  two  adjacent  sides; 
and  when  the  accumulation  becomes  so  great  as  to  overcume  the 
coercive  pressure  of  the  atmosphere  between  them,  a  discharge  takes 
place  which  occasions  a  flash  of  U^ihtning.  The  actual  quantity 
of  electricity  in  any  part  of  a  cloud  is  very  small.  The  intenmty 
of  the  flash  dctvuds  upon  the  extent  of  surface  occupied  by  the 
electricity,  which  acquires  its  intensity  by  its  instantaueouit  con* 
densation. 

The  air,  being  a  non-conductor,  does  not  convey  the  electricity 
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from  the  clouds  to  the  earth,  but  the  latter  acquires  from  them  an 
opposite  electricity,  and  when  the  tension  is  very  great  the  force  of 
the  electricity  becomes  irresistible,  and  an  interchange  takes  place 
between  the  clouds  and  the  earth,  but  the  motion  of  the  lightning 
is  so  rapid  that  it  is  difficult  to  ascertain  when  it  goes  from  the 
clouds  to  the  earth,  or  from  the  earth  to  the  clouds,  though  there  is 
no  doubt  it  does  both :  explosions  have  burst  from  the  groond, 
and  people  have  been  killed  by  them.  During  the  Canadian  expe- 
dition of  1857,  Captain  Palliser  states  that  he  frequently  observed, 
while  on  Lac  la  Pluie  and  elsewhere,  that  the  lightning  flashed 
upwards  from  the  earth  to  the  impending  cloud,  when  it  often 
presented  the  appearance  of  a  string  of  bright  beads. 

When  the  quantity  of  electricity  developed  by  the  sudden  con- 
densation of  vapour  is  very  great,  the  lightning  is  always  forked ; 
its  zigzag  form  is  ascribed  to  the  compression  of  the  air  before  the 
electricity,  thereby  opposing  greater  resistance,  and  tufning  the  fluid 
aside  to  seek  some  path  upon  which  the  resistance  is  less.  The 
author  once  saw  a  flash  divided  into  four  parallel  streams — a  very 
uncommon  occurrence.  Occasionally  in  very  great  storms  the  light- 
ning sends  off  lateral  branches.  It  often  appears  as  a  globe  of  fire 
moving  so  slowly  that  it  is  visible  for  several  seconds,  while  the 
flashes  of  forked  lightning  do  not  last  the  thousandth  part  of  a 
second,  but  the  impression  on  the  eye  lasts  much  longer.  Professor 
Wheatstone,  who  has  measured  the  velocity  of  lightning  by  experi- 
ments of  great  ingenuity,  found  that  it  far  surpasses  the  velocity  of 
light.  This  velocity  is  beautifully  exemplified  in  the  electric 
telegraph,  by  which  the  most  violent  and  terrific  agent  in  nature  is 
rendered  obedient  to  man,  and  conveys  his  thoughts  with  extreme 
rapidity.  The  colour  of  lightning  is  generally  a  dazzling  white  or  blue, 
though  in  highly  rarefled  air  it  is  rose-colour  or  violet.  The  light 
given  out  by  a  flash  of  lightning  is  produced  by  the  incandescence  of 
the  particles  of  the  air  through  which  the  current  of  electricity 
passes,  the  oxygen,  nitrogen  and  moisture  present  being  converted 
into  certain  compounds,  such  as  nitric  acid  and  ammonia.  The 
light  seen  is  therefore  not  the  electricity  itself,  which  being  pure 
force  is  perfectly  invisible,  but  simply  the  effect  of  it. 

When  the  air  is  highly  rarefied  by  heat  its  coercive  power  is 
diminished,  so  that  the  electricity  escapes  from  the  clouds  in  the 
form  of  diffuse  lambent  sheets,  without  thunder  or  rain,  frequently 
seen  in  the  warm  summer  evenings,  sometimes  near  the  zenith,  and 
quite  different  from  that  sheet  lightning  at  the  horizon,  which  in 
general  is  only  the  reflection  of  the  forked  lightning  of  a  distant 
storm.  The  author  saw  a  very  remarkable  instance  of  that  glow- 
discharge  from  a  terrace  at  a  considerable  height  above  Turin. 
Vineyards  descended  rapidly  to  the  plain  on  one  side,  and  a  crescent 
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of  hills  ro«e  on  the  other.  It  had  thundered  off  and  on  the  whole 
day;  in  the  evening  the  heat  was  great  and  the  darknesa  intense, 
but  brilliant  flashea  of  lightning  momentarily  illuminated  the 
valleys  of  the  Fo  and  Dora,  and  the  magnificent  chain  of  Alp«  thU 
bounds  them.  By  degrees  the  lightning  became  less  frequent,  and 
at  last  ceased.  The  air  was  perfectly  atill,  and  the  darkneM 
extreme,  when  a  silvery  blue  light  appeared  in  the  Val  de  Susa,  u 
if  the  moon  had  been  rising;  it  spread  over  a  great  part  of  the 
Alps,  along  the  tops  of  the  crescent  of  hills  behind  the  terrace,  and 
then  a  lai^  column  of  it  rose  from  the  vineyards  immediately 
below,  and  close  to  the  terrace,  which  made  the  surrounding  objects 
visible.  I'here  was  no  noise  ;  and  in  ten  minutes  it  vanished,  bat 
in  about  a  quarterof  an  hour  the  phenomenon  was  repeated  exactly 
in  the  same  manner,  lasted  about  the  same  time,  and  was  followed 

The  sudden  compresaloD  of  the  air  during  the  passage  of  lightning 
must  convert  a  great  quantity  of  best  of  expansion  into  sensible 
heat,  for  heat  exists  in  all  bodies  independent  of  their  temperature. 
Heat  is  absorbed  and  becomes  insensible  to  the  thermometer  when 
solids  become  liquids,  and  when  liquids  are  changed  to  vapour; 
and  it  again  becomes  sensible  when  vapour  is  condensed,  and  when 
liquids  become  solids.  When  water  freezes,  all  the  heat  that  kept 
it  liquid  is  given  out;  and  when  ice  melts,  it  absorbs  heat  fitm 
everything  near  it.  The  air  is  full  of  absorbed  heat,  whatever 
its  temperature  may  be,  but  it  can  be  squeezed  out  by  sudden 
compression  so  as  to  kindle  tinder.  Every  aerial  wave,  every 
sound,  every  word  spoken  must  set  free  an  infinilesimal  quantity  of 
heat;  so  everything  that  tends  to  rarefy  the  air  must  cause  it  to 
absorb  a  proportional  quantity. 

Thunder  is  considered  to  be  the  result  of  the  sudden  re-entianee 
of  the  air  into  a  void  space,  caused  by  the  lightning  in  its  psss^e 
through  the  air.  lite  electrical  force  commimicates  a  powerful 
repulsive  force  to  the  particles  of  air  along  the  path  of  its  discharge, 
producing  thus  a  momentary  void,  into  which  the  air  rushes  again 
with  a  force  proportioned  to  that  which  caused  the  separation. 
The  rolling  noise  of  thunder  is  evidently  owing  to  the  differenoa 
between  the  velocity  of  lightning  and  that  of  sound.  The  clouds 
at  different  distances  giving  rise  to  a  series  of  echoes  which  reach 
the  ear  at  irregular  intervals.  Thunder  may  be  regarded  as  origin- 
ating in  every  [loint  of  a  flash  of  lightning  at  the  same  instant ;  and 
as  sound  takes  a  considerable  time  to  travel,  it  will  arrive  first  from 
the  nearest  point;  and  if  the  Hash  run  in  a  direct  line  from  a 
]ierson,  the  noise  will  come  later  and  later  from  the  remote  points 
of  its  path,  in  a  continued  roar.  Should  the  direction  of  the 
fiash  be  inclined,  the  snccession  of  Bounds  will  be  more  rapid  and 
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intense ;  and  if  the  lightning  describe  a  ciicnlar  coxuBe  above  ft 
person,  the  sound  will  arnve  at  the  same  instant  fnnn  every 
point  with  a  stunning  crash.^  The  rolling  is  also  partly  the  remit 
of  echoes. 

In  passing  to  the  earth,  lightning  follows  the  best  oonductoi^— > 
metals  by  preference,  then  damp  substances — ^which  is  the  leaaon 
why  men  and  animals  are  so  often  struck.  K  it  meets  with  a  bftd 
conductor  it  shivers  it  to  pieces,  and  scatters  the  fragments  to  a 
considerable  distance.  A  powerful  flash  scatters  gunpowder,  while 
a  feeble  one  ignites  it;  the  hardest  trees  are  split  and  torn  to 
shreds ;  when  a  tree  is  struck,  the  heat  of  the  flash  converts  the 
sap  into  steam,  the  expansive  force  of  which  shivers  the  tree.  The 
surface  of  rocks  is  vitrified  by  it :  and  when  it  falls  on  a  sandy  foil, 
its  course  under  ground  is  marked  vitrifying  the  sandy  particleSy 
and  forming  of  them  tubes  many  feet  long. 

Where  the  trade-winds  blow,  thunder-storms  are  hardly  known, 
though  electric  discharges  are  frequent  in  the  zones  of  calms,  at 
their  limits.  At  the  change  of  the  monsoons  masses  of  black 
clouds  roll  over  the  sky,  the  darkness  is  reflected  from  a  calm  sea, 
dead  stillness  and  silence  prevail  till  the  **  thunder  utters  his  votGe,** 
and  the  war  of  the  elements  begins — terrible  on  land,  but  terrific  in 
a  ship  far  at  sea. 

In  Greece  and  Italy  there  are  about  40  thunder-storms  annually, 
which  occur  in  spring  and  autumn,  while  N.  of  the  Alps  they 
chiefly  take  place  in  summer.  There  are  about  24  in  the  year  on 
the  coasts  of  the  Atlantic  and  in  Germany,  but  they  are  much  more 
frequent  among  mountains  than  on  plains.  In  the  interior  of  the 
old  continent  they  rarely  occur  in  winter,  and  three-fourths  of 
the  number  happen  in  summer.  In  Lower  Peru,  where  it  never 
rains,  thunder  is  never  heard.  Thunder-storms  are  of  such  rare 
occurrence  in  high  latitudes,  that,  in  a  residence  of  six  years  in 
Greenland,  Geiseke  only  heard  it  thunder  once. 

Some  stonns  arise  from  the  contention  of  opposite  currents  in  the 
air ;  others  are  occasioned  by  currents  of  warm  air  ascending  from 
the  earth,  wich  are  suddenly  condensed  as  they  enter  the  upper 
regions  of  the  atmosphere,  and,  as  this  sometimes  happens  at  the 


*  Sound  travels  at  the  rate  of  1120  feet  in  a  second  in  air  at  the  tem- 
perature of  62**  of  Fahrenheit ;  so,  if  that  number  be  multiplied  by  the 
number  of  seconds  elapsed  between  the  flash  of  lightning  and  the  thunder, 
the  result  will  be  the  distance  in  feet  at  which  the  stroke  took  place.  A 
relative  of  the  author's  was  fishing  in  the  Tweed  on  a  very  sultry  day,  and 
lay  down  on  the  grass  to  rest :  he  was  aiitonished  to  hear  repeated  peals  of 
thunder,  as  there  was  not  a  cloud  to  be  seen  in  the  sky ;  two  hours  after* 
wards  clouds  began  to  rise,  and  in  the  afternoon  there  was  a  thunder- 
storm ;  the  sound  had  been  conveyed  down  the  river  by  the  stream. 
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hottest  hour  of  the  day,  these  storms  tre  periodical  for  msoy  mc- 
cesaivo  days,  recurring  ^ways  at  the  same  hour.  Volcanic  emp- 
tioiui,  whirlwinds,  and  waterspouts,  which  cause  the  moving  of 
vast  masses  of  air  and  the  rapid  condensation  of  vapour,  are  alM> 
generally  attended  by  thunder  and  lightning.  SometimeB  they 
extend  over  a  great  expanse  of  country,  and  the  lightning  daria 
from  all  points  of  the  compass.  A  person  may  be  killed  at  the 
distaoce  of  20  miles  from  the  exjdosion  by  the  back  Mroie.  If 
the  two  eitremitiea  of  a  highly  charged  cloud  dip  towards  the 
earth,  they  will  repel  the  electricity  of  the  latter,  if  it  be  of  the  same 
kind  with  their  own,  and  will  attract  the  other  kind ;  and  if  a 
dischar>;c  should  take  plaoe  at  one  end  of  the  cloud,  the  equilitHriom 
will  instantly  be  restored  by  a  flash  from  that  part  of  the  ewth 
which  is  under  the  other,  sufficiently  strong  to  destroy  life ;  Um 
back  stroke  is  the  most  dangerous,  though  never  so  strtmg  as  the 
direct  one. 

When  thiiDdor^louds  are  very  low,  there  is  frequently  no  light- 
ning; the  electricity  produced  by  induction  is  so  powerful  that  it 
escapes  from  pointed  objects  in  the  shape  of  flame,  known  u 
St.  Elmo's  ,fire.  These  ibimes  are  not  unfrequently  seea  at  tbo 
topmasts  of  ships  and  the  extremities  of  their  yards.  [)odiea  be- 
tween the  clouds  and  earth  may  be  electricized  by  induction,  and 
their  electricity  will  be  seen  in  the  form  of  flame,  as  showen  of 
phosphorescent  snow. 

PhuHphoresceuce  is  ascribed  to  electricity ;  various  fubetanoea 
emit  light  when  decaying,  as  fish  and  wood.  Many  marine  animals 
are  phoepluxescent,  and  the  luminous  appearance  which  the  sea 
sometimes  assumes  is  principally  to  be  attributed  to  this  cause, 
although  in  some  localities  the  slow  combustion  of  the  phosphonia 
in  the  decaying  animal  matter  it  contains  may  in  a  slight  degree 
contribute  to  iL 


§  9.  Magnetism  is  one  of  those  molecular  forces  which,  like 
electricity  asd  heat,  are  known  only  by  their  effects.  ]t  is  evidently 
identical  with  electricity,  the  two  forms  of  force  being  readily  con- 
vertible into  each  other. 

The  action  of  terrestrial  magnetism  upon  the  magnetic  needle 
is  extremely  complicated ;  the  direction  of  the  force  borizont^ly  is 
determined  by  the  declination-need  ie,  or  mariner's  compass,  and 
vertically  by  the  dipping-needle:  they  consist  of  magnetised 
ne^les,  or  bars  uf  steel,  so  suspended  that  the  declination-needle 
revolves  in  a  horizontal  direction,  and  the  dipping-needle  in  a  plane 
perpendicular  to  the  horizon.    The  variations  of  m^netic  force  an 


364  PHYSICAL  GEOGRAPHY.  Chap.  XXIV. 

■determined  by  comparing  the  squares  of  the  numbers  of  vibrations 
made  by  the  dipping-needle  in  a  given  time. 

The  N.  end  of  the  dipping-needle  sinks  or  dips  below  the 
horizon  in  the  northern  hemisphere,  the  S.  end  sinks  or  dips  be- 
neath it  in  the  southern  hemisphere,  and  between  the  two  there  is 
a  line  which  encircles  the  whole  earth,  where  the  dipping-needle 
remains  horizontal.  That  line,  which  is  the  magnetic  equator  or 
line  of  no  dip,  crosses  the  terrestrial  equator  in  two  places ;  one  lies 
a  little  to  the  E.  of  the  meridian  of  Greenwich,  and  the  other  in 
170°  E.  long. :  it  extends  alternately  on  each  side,  but  never  de- 
viates more  than  12°  or  15°  from  it.  N.  and  S.  of  the  magnetic 
equator  the  needle  dips  more  and  more,  till  at  last  it  becomes 
perpendicular  to  the  horizon  in  two  points,  or  rather  spaces,  known 
as  the  N.  and  S.  magnetic  poles,  which  are  quite  distinct  from 
the  poles  of  the  earth's  rotation.  One,  whose  position  was  deter- 
mined by  the  late  Sir  James  Ross,  is  in  70°  N.  lat.  and  97°  W. 
long.,  while  that  in  the  southern  hemisphere  is  placed  by  the  same 
celebrated  navigator,  from  his  observations  in  1841  in  the  interior 
of  Victoria  Island,  in  75°  5'  S.  lat.,  and  154°  8'  E.  long.  Lines  of 
equal  dip  are  such  as  may  be  drawn  on  a  globe  through  all  those 
places  where  the  dipping-needle  makes  the  same  angle  with  the 
horizon.  The  mean  dip  for  Great  Britain  in  1860  was  fixed  by 
Greneral  Sabine  at  68°  59'.  The  maximum  dip  for  the  same  year 
was  found  to  be  71°  29'  5"  at  Jordan  Hill,  near  Glasgow,  the 
minimum  at  St.  Leonard's  being  67°  44'  5". 

The  magnetic  meridian  is  the  mean  direction  which  a  freely  sus- 
pended horizontal  needle  assumes  when  left  to  itself.  The  magnetic 
meridians  coincide  with  the  geographical  meridians  in  some  places, 
and  in  these  the  magnet  points  to  the  true  N.  and  S.,  that  is,  to 
the  poles  of  the  earth's  rotation.  But  if  it  be  carried  successively 
to  different  longitudes,  it  will  deviate  sometimes  to  the  E.,  some- 
times to  the  W.,  of  the  true  N.  Imaginary  lines  on  the  globe, 
passing  through  all  places  where  the  needle  points  to  the  poles 
of  the  earth's  rotation,  are  lines  of  no  variation ;  and  lines  passing 
through  all  places  where  it  deviates  by  an  equal  quantity  from  the 
geographical  meridians,  are  lines  of  equal  variation ;  they  are  also 
very  irregular,  and  form  two  closed  systems,  or  loops — that  is,  they 
surround  two  points,  one  in  North  Siberia,  and  another  in  the 
Pacific,  nearly  in  the  meridian  of  the  Pitcaim  Islands  and  the 
Marquesas.^  The  variation  of  the  needle  from  the  true  N.  in  1864 
was  20°  45'  W.  

*  The  author  is  indebted  to  the  investigations  of  General  Sabine  for 
almost  all  her  information  on  the  subject  of  terrestrial  magnetism.  In 
these,  and  in  his  notes  to  the  English  translation  of  Humboldt's  *  Cosmos,* 
the  reader  will  find  the  foundation  of  all  that  is  most  interesting  on  the 
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llie  Intongity  of  the  magnetic  force  is  as  variable  and  eveo  more 
complicated  than  the  other  maji^ctic  phenomena.  From  obaerva- 
tion»  made  in  varioos  parts  of  the  earth  it  ha«  been  determined  that 
there  are  four  points  in  which  the  intensity  is  greater  than  any- 
where else.  I'wo  of  these  are  in  the  northern  and  two  in  the 
Bouthem  hemisphere ;  they  neither  coincide  with  the  poles  of  the 
earth's  rotation  nor  with  the  m^netic  poles,  nor  are  they  all  of 
equal  intensity. 

One  of  these  foci  of  maximnm  ma^etic  intensity  ia  situate  in 
N.  America,  S.W.  from  Hudson  Bay ;  another  ia  in  northern 
{Siberia,  in  130°  E.  long.  In  the  southern  hemisphere,  one  of  the 
points  of  maximum  magnetic  intensity  is  in  the  S.  Atlantic,  in 
20°  S.  lat.  and  321"  E.  long.,  and  the  other  is  sitnate  in  W  S.  lat. 
and  131°  20*  E.  long.  In  consequence  of  the  unequal  intensity 
of  the  force  in  those  four  foci,  the  decrease  in  magnetic  power  from 
them  towards  the  equator  is  extremely  irregular,  so  that  the 
dynamic  equator,  which  ia  a  line  supposed'to  be  drawn  through  all 
the  points  of  the  earth  where  in  each  geographical  meridian  the 
intensity  is  the  Icaxt,  encircles  the  globe  in  a  waving  line,  which 
coincides  with  neither  the  geographical  nor  magnetic  equator; 
it  forms  the  division  between  the  magnetic  intensities  in  the  two 
hemispheres.  The  foci  are  all  of  different  intensities;  that  in  the 
S.  Atlantic,  discovered  by  M.  Erman,  has  the  least  intensity  of 
the  four,  and  the  other  in  the  southern  hemisphere,  discovered  by 
tjir  James  Ross,  has  the  greatest ;  taking  1  as  the  unit  at  the 
magnetic  equator  in  Peru,  as  determined  by  Humboldt,  their 
intensities  are  as  2-OTl  and  O'TOC.  In  the  northern  hemisphere  the 
American  focus  is  more  intense  than  that  in  Siberia,  which  is 
moving  from  W.  to  E.,  while  the  minor  focus  in  the  southern 
hemisphere  is  moving  from  E.  to  W.  Lines  dtawn  on  a  globe 
through  all  the  points  where  the  magnetic  intensity  is  the  same  tn 


BUljjcct.  Id  hii  own  worki  there  >re  pUtei  df  the  courw  of  the  diScreBt 
maguetic  curvet  mentioned  ia  the  teit.  The  most  prscticillj  uwfal 
element  of  lerratriai  mnjneti™,  the  declination  or  Tarintion,  hu  of  lata 
years  formed  an  important  object  of  observatioa  b^  the  officen  of  onr 
navy.  A  vagt  number  have  been  accumulated  from  erery  quarter  of  tba 
globe,  at  the  Hydrograpbical  Offiee,  where  they  an  diicnaKd,  and  laid 
down  on  the  cbartj  Lutued  by  tbe  Admiralty,  by  a  very  talented  officer, 
Mr.  Evans;  a  most  important  lervice  conferred  on  the  navigaton  of  eveiT 
conntrv  by  the  late  and  present  hydrographers  of  the  navy.  The  Britid 
Auociatlon  Kepijrta  anti  the  Philosophical  Transactioni  an  from  Ume  t* 

*ho  wish  to  pursue  the  subjoet  further,  General  Sabine's  Memoir  OB  th« 
DbMrTntioiu  taken  at  Kew  and  Nertichiak,  'Phil.  Tnns.,'  1864,  and  Dr. 
Balfour  Stewart's  lecture  on  this  subject  in  the  Proceedillga  of  the  Royal 
lostitntion  for  1864,  mny  be  CQDSulIwi  with  pmflt. 
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80  complicated  that  it  is  scarcely  possible  to  convey  an  idea  of 
them  in  words.  They  form  a  series  of  ovals  round  each  of  the  foci 
of  maximum  force  in  each  hemisphere.  In  the  northern  hemisphere 
they  form  the  figure  of  8,  having  a  focus  and  its  ovals  in  each 
loop;  then  they  open  into  tortuous  lines  which  encompass  the 
globe,  but  which  become  less  tortuous  as  they  approach  the  dynamic 
eq^uator.  The  complication  is  increased  by  the  foci  in  iJie  two 
hemispheres  being  unsymmetrically  placed  with  regard  to  one 
another,  as  well  as  by  the  difference  in  their  intensities.  The 
measurement  of  magnetic  intensity  by  British  observers  is  referred 
to  an  absolute  unit  of  measurement,  that  determined  by  Humboldt 
being  purely  arbitrary.  The  British  absolute  unit  is  an  amount  of 
ipagnetic  force  capable  of  moving  one  grain  of  matter  through  the 
space  of  one  foot  in  one  second  of  time.  The  magnetic  intensity  at 
London  in  1864  was  10'29,  i.e.,  it  was  equal  to  a  force  that  would 
move  a  mass  of  matter,  weighing  one  grain,  through  10*29  feet  in 
one  second.  The  minimum  of  magnetic  intensity  yet  measured 
would  be  6*4,  the  maximum  15*8.  llie  minimum  of  magnetic 
intensity  for  Great  Britain,  as  measured  by  General  Sabine  in  1860» 
was  10-626,  at  Fern  Tower,  near  Crieff,  situated  in  56°  22'  N.  lat, 
and  3°  50'  W.  long. ;  the  minimum  measured  at  St.  Leonard's-on- 
Sea  was  10*225,  and  the  mean  of  a  large  number  of  observations 
made  in  various  districts  10*332.  He  also  found  that  the  lines  of 
magnetic  intensity  ran  duo  E.  and  N.,  seeming  to  follow  the  iso- 
thermal very  closely.  The  lowest  minimum  of  magnetic  force,  as 
observed  by  A.  Erman,  was  at  19°  59'  S.  lat.  and  10°  2'  E.  long., 
counting  from  Paris.  The  intensity  increases  as  it  approaches  the 
four  maximum  points. 

Thus  it  appears  that  there  are  six  points  on  the  earth  which  form 
as  it  were  centres  of  magnetic  force,  all  of  which  are  distinct  from 
one  another  and  from  the  poles  of  the  earth*s  rotation :  namely,  two 
magnetic  poles,  where  the  dipping-needle  is  at  an  angle  of  90 
degrees  with  the  horizon,  and  four  points  which  are  the  foci  of 
magnetic  intensity — that  is,  where  the  total  magnetic  force  is  a 
maximum.  There  are  also  two  remarkable  lines  which  encompass 
the  earth,  neither  of  which  coincides  with  the  geogmphical  equator : 
namely,  the  magnetic  equator,  in  every  point  of  which  the  angle  of 
the  dip  is  zero :  it  encircles  the  earth  and  intersects  the  terrestrial 
equator ; — the  dynamical  equator,  or  line  of  minimum  magnetic  in- 
tensity, which  surrounds  the  earth  in  an  irregular  line,  but  neither 
coincides  with  the  terrestrial  nor  magnetic  equator ;  besides  these, 
there  is  a  zone  which  is  supposed  to  pass  through  all  places  where 
the  horary  variations  of  the  magnet  partake  of  the  phenomena  of 
each  hemisphere  alternately ;  it  either  'partly  or  nearly  coincides 
with  the  line  of  minimum  intensity. 
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CoinplicBted  08  the  miifrnetic  phenomena  are,  they  si 
BtilL  more  «o  b;  the  secular  periodic  and  occasional  v 
which  they  are  liable.  The  foci  of  maximum  intenBity  aad  tha 
whole  Byatem  of  the  ma^^etic  currea  are  moving  along  the  two 
liemisphereB  in  different  directions ;  thoae  in  the  northern  in  a 
direction  from  W.  to  G.,  and  those  in  the  soutbem  from  E.  to  W. ; 
and  as  the  foci  of  greatest  inbinBity  move  with  diCTereut  velocities, 
the  forms  ^  ^o"  ^  ^^^  posttiona,  of  the  curves  are  rapidly 
and  ceaselessly  changing,  so  that  in  the  course  of  a  few  yean 
the  whole  magnetic  system  is  altered.  General  Sabine,  so  pro- 
foundly versed  in  this  branch  of  science,  which  baa  assumed  fc 
new  character  from  his  reaearchea,  has  shown  that  the  weaker 
magnetic  fucus  id  Cbe  northern  bemiephere  has  moved  through  100 
degrees  of  longitude  in  150  years.  It  is  now  in  Siberia,  in  about  tha 
120tb  eastern  meridian,  and  is  moving  eastward  toward  America, 
while  the  American  pole  has  been  moving,  but  far  more  slowly,  ia 
the  same  direction  since  the  year  IGIS.  'i'he  poles  seem  to  increaae 
in  magnetic  force  the  nearer  they  approach  Co  one  another,  and  th* 
intensity  ia  also  increased  in  the  space  between  them.  Hence  in  tha 
northern  hemisphere  the  effect  of  the  secular  easterly  motion  of  tha 
weaker  magnetic  pole  is  to  increase  the  magnetic  dip  and  force  to 
the  E.  of  the  120th  meridian  and  to  diminish  them  tu  the  W.  of  It. 
For  example,  at  Toronto  in  Canada,  the  total  force  has  a  ascular 
increase  of  '0052  annually,  and  the  dip  or  inclination,  which  waa 
75"  lT'-63  in  1840,  has  an  annual  increase  of  I'-O.  Moreover,  tha 
declination  has  a  secular  westerly  increase,  the  rate  of  which  i» 
augmenting,  for,  at  the  end  of  1851  the  mean  annual  increase  waa 
l'*9S2,  at  the  end  of  lBo4  it  was  2'-54,  and  at  the  end  of  1866  it 
was  3''4.  On  the  contrary,  the  total  force  is  decreasing  in  Enrope, 
and  at  London  there  is  an  annual  decrease  of  'i''7  in  the  Inclination, 
and  of  T  in  the  declination  westerly. 

In  the  Houthom  hemisphere  the  force  is  greater  in  the  principal 
pole  than  in  the  pole  of  maximum  intensity  in  the  northern,  pro- 
bably because  the  foci  of  maximum  force  are  only  UO  degrees  apart, 
while  in  the  northern  hemisphere  they  are  160  degrees.  In  tha 
southern  hemisphere  the  secular  fluctuations  are  in  an  oppcaita 
direction  to  those  in  the  northeni.  At  St.  Helena  the  declination 
has  increased  during  the  last  200  years  at  a  nearly  uniform  rale  of 
eight  minutes  annually.  It  takes  place  in  equal  aliquot  portion!  in 
each  of  the  twelve  months ;  whence  General  Sabine  infers  that  the 
secular  changes  must  proceed  from  causes  which  act  with  surprising 
uniformity  and  regularity  through  a  long  succession  of  years.  I'he 
laws  and  causes  of  these  secular  variations  are  unknown  ;  their  dia- 
covery  is  reserved  for  future  generations,  who  will  have  the  advan- 
tage of  the  most  extensive  and  perfect  system'  of  obsa'4«!wKk  'Coax 
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has  ever  been  made  on  the  state  of  terrestrial  magnetism,  and  the 
charts  which  represent  them  form  a  magnetic  epoch  whence  all 
future  changes  may  be  estimated. 

The  three  magnetic  elements,  the  total  force,  inclination  or  dip, 
and  the  declination,  are  subject  to  annual  variations  depending  npon 
a  variety  of  causes,  at  present  involved  in  some  obscurity,  which 
sometimes  appear  to  unite  and  produce  violent  disturbances,  more 
or  less  irregular  in  all  their  magnetic  elements,  and  known  as  mag- 
netic storms.  These  simultaneous  disturbances  are  closely  watched 
in  different  parts  of  the  world,  and  the  observations,  of  which  there 
are  now  some  millions,  show  that  they  are  frequently  simultaneous 
over  a  large  portion  of  the  earth's  surface.  A  notable  magnetic 
storm  was  simultaneously  perceptible  at  Toronto,  the  Cape  Pragne, 
and  Hobarton.  Another  was  simultaneously  felt  in  Sicily  and  at 
Upsala,  while  at  Altona  it  was  unperceived.  These  periodical  dis- 
turbances are  so  regular  in  their  simultaneity  that  it  has  been  sug- 
gested that  they  may  be  used  for  determining  the  difference  of  longi- 
tude between  two  stations.  These  disturbances,  which  were  long 
believed  to  be  casual  and  irregular.  General  Sabine  has  found  to  be 
apparently  governed  by  the  sun's  place  in  the  heavens ;  numerous 
observations  proving  that  although  they  may  vary  locally,  both  in 
direction  and  intensity,  the  hourly  and  annual  variations  at  one 
spot  appear  to  differ  in  the  same  ratio  as  those  taken  elsewhere. 
These  diurnal  and  annual  variations  may  be  dependent  either  on 
the  varying  heat  or  place  of  the  sun,  or  both,  for  it  is  found  that 
the  three  magnetic  elements  deviate  from  their  mean  annual  state, 
so  as  to  have  maximum  values  in  September  and  April,  and 
minimum  in  January  and  June,  the  aggregate  of  the  maximum 
values  being  three  times  greater  than  that  of  the  minimum. 

On  account  of  the  rotation  of  the  earth,  the  diurnal  disturbances, 
the  total  force,  and  consequently  the  inclination  also,  deviate  from 
their  mean  value,  and  have  two  maximum  values  and  two  minimum 
in  the  course  of  24  hours,  and  the  declination  makes  two  deviations 
to  the  £.  and  two  to  the  W.  from  its  mean  position  in  the  same 
period.  The  great  disturbances  are  found  to  be  independent  of  the 
metereological  variations  going  on  at  the  same  time. 

Throughout  the  middle  latitudes  of  the  northern  hemisphere  the 
N.  end  of  the  magnet  has  a  mean  motion  from  E.  to  W.  fh)m  eight 
in  the  morning  till  half-past  one;  it  then  moves  to  the  E.  till 
evening,  after  which  it  makes  another  excursion  to  the  W.,  and 
returns  again  to  its  original  position  at  eight  in  the  morning.  The 
extent  of  its  variation  is  greater  in  the  day  than  in  the  night,  in 
summer  than  in  winter.  It  decreases  from  the  middle  latitudes  in 
Europe,  where  it  is  13  or  14  minutes,  to  the  equator,  where  it  is 
only  three  or  four ;  but  at  the  equator  the  variations  are  performed 
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with  extreme  regularity.  The  horary  motions  of  the  S.  end  of  the 
magnet  in  the  southern  hemisphere  are  accomplished  in  an  exactly 
opposite  direction.  Between  the  two  magnetic  hemispheres  there  is 
a  zone  passing  through  an  infinity  of  places,  and  very  nearly  coin- 
ciding with  the  line  of  minimum  magnetic  intensity,  where  the 
horary  phenomena  of  both  hemispheres  are  combined,  each  predo- 
minating alternately  at  opposite  seasons.  At  St.  Helena,  which  is 
one  of  the  places  in  question  and  nearly  on  the  line  of  minimum 
intensity,  the  horary  motion  of  the  N.  end  of  the  magnet  corres- 
ponds in  direction  during  one  half  of  the  year  with  the  movement 
in  the  northern  hemisphere,  and  in  the  other  half  of  the  year  the 
direction  at  the  same  hours  corresponds  with  that  in  the  southern 
hemisphere ;  the  passage  from  the  one  to  the  other  being  at  the 
equinoxes,  when  the  diurnal  variations  at  the  usual  hours  partake 
more  or  less  of  the  characteristics  of  both  on  different  days.*  This 
variation  is  owing  to  the  sun^s  declination,  its  maxima  happening 
when  the  sun  is  in  or  near  the  opposite  solstices,  and  disappearing 
at  or  near  the  epochs  of  the  equinoxes. 

It  had  been  found  that  the  diurnal  variation  of  each  of  these  mag- 
netic elements  was  a  double  pro^^'ession,  having  each  two  maximum 
and  two  minimum  values  in  their  respective  periods.  From  an 
attentive  observation  of  the  results  obtained  at  the  British  colonial 
observatories.  General  Sabine  was  led  to  the  belief  that  the  double 
progression  was  the  effect  of  two  combined  or  superposed  variatiomt 
which  have  different  hours  of  maxima  and  minima,  and  are  occa- 
sioned by  distinct  causes ;  one  being  the  regular  diurnal  variation 
caused  by  the  difference  in  the  sun^s  position  relatively  to  the  place 
of  observation  at  the  different  hours  of  the  day  and  night,  and  the 
other  being  the  mean  effect  of  the  occasional  or  casual  disturbances. 
The  separation  of  these  two  variations,  in  order  to  ascertain  the 
distinct  laws  of  the  regular  solar-diurnal  and  the  casual  variations. 
General  Sabine  accomplished  by  the  reduction  and  comparison, 
according  to  a  method  devised  by  himself,  of  more  than  100,000 
observations,  and  has  thereby  established  the  strict  periodical  cha- 
racter of  the  magnetic  storms  and  their  influence  in  producing  the 
double  maximum  and  minimum  of  the  diurnal  variation.  In  addi- 
tion to  the  annual  and  diurnal  periods  which  this  examination 
proved  to  belong  to  the  casual  disturbances,  it  showed  also  that 


'  At  St.  Helena  the  north  end  of  the  needle  reaches  it«  eastern  extreme 
in  May,  June,  July,  and  August,  and  nearly  at  the  same  hours  it  reaches 
its  western  extreme  in  November,  December,  January,  and  February.  The 
paKSAj^e  from  one  to  the  other  takes  place  at.  or  soon  after,  the  equinoxes, 
in  March  and  April,  September  and  October. — Sabine'ii  Notes  to  *  Cosmos^* 
vol.  ii. 
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their  frequency  and  amount  in  different  years  gradually  and  steadily 
increased  from  a  minim  nm  in  the  year  1843  to  a  maximum  in  IMS, 
80  as  to  be  more  than  twice  as  great  at  the  end  of  that  time  aa  ai  the 
beginning  of  it.  Thus  a  variation,  having  its  period  nearly  11 
years,  was  clearly  established  in  the  casual  disturbances  of  each  of 
the  three  magnetic  elements,  and  concurrently  with  this  a  variaticm 
having  a  similar  period  and  similar  epochs  of  maxima  and  minima 
was  shown  to  exist  in  the  solarnliumal  variations  of  each  of  the 
three  elements. 

ThiB  variation  is  a  most  important  discovery  in  itself^  but 
becomes  much  more  so  from  its  connexion  with  the  spots  on  the 
surface  of  the  sun,  first  pointed  out  by  General  Sabine,  which  has 
changed  the  received  opinion  as  to  the  cause  of  the  variations  in 
terrestrial  magnetism.  M.  Schwabe,  of  Dessau,  had  observed  with 
care  the  solar  spots  during  a  period  of  24  years,  and  found  that  they 
are  periodical  both  in  frequency  and  number,  having  a  reguliur 
maximum  and  minimum  every  five  years,  the  minima  being  in  the 
years  1833  and  1843,  and  the  maxima  in  1838  and  1848 ;  thos 
exactly  coinciding  with  the  period  of  the  decennial  variation  in  the 
magnetic  elements. ' 

There  is  but  little  doubt  that  magnetic  storms  are  induced,  or 
at  any  rate  intensified,  by  changes  in  the  sun^s  atmosphere.  M. 
Schwabe's  observations  have  received  striking  confirmations  from 
various  observers.  In  1861  Mr.  Carrington  was  attentively  watching 
a  large  sun  spot,  a  minute  point  of  which  suddenly  burst  out  into  a 
brilliant  blaze  of  light ;  on  making  enquiries  at  Eew  it  was  found 
that  a  severe  magnetic  storm  took  place  exactly  at  the  same  moment. 

A  series  of  observations  made  on  the  declination,  by  Captain 
Maguire,  R.N.,  at  Point  Barrow,  on  the  shores  of  the  Polar  Sea, 
prove  beyond  a  doubt  that  the  casual  disturbances  there  are  subject 
to  the  laws  of  the  solar  hours  and  of  the  solar  spots.  There  is  also 
a  double  progression,  the  principal  maximum  being  at  eight  in  the 
morning  both  at  Point  Barrow  and  Toronto,  and  a  secondary  maxi- 
mum a  little  before  midnight.  When  the  great  disturbances  were 
separated,  the  solar-diurnal  variations  appeared  to  be  the  same  with 
those  at  Toronto  and  throughout  the  extratropical  part  of  the 
northern  hemisphere,  the  epochs  of  the  extreme  easterly  and  westerly 
variations  being  the  same  at  both  stations.  But,  notwithstanding 
these  coincidences,  there  is  a  complete  antagonism  in  the  dis- 
turbance variations  at  Point  Barrow  and  Toronto,  the  epochs  of  the 
deflections  of  the  needle  being  nearly  opposite  to  one  another  at 


*  In  consequence  of  the  action  of  the  planets  Venus  and  Jupiter  on  the 
sun's  equator,  the  period  of  the  spots  is  increased  to  11^  years. 
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the  two  stations,  so  that  at  nearly  the  very  same  hour  the  dis- 
turbance was  easterly  at  the  one  station  and  westerly  at  the 
other,  and  vice  versd.  At  the  same  time  a  strong  analogy  was 
observed  to  exist  between  the  eastern  disturbance  deflections 
at  Toronto  and  the  western  at  Point  Barrow,  and  between  the 
western  disturbance  deflections  at  Toronto  and  the  eastern  at  Point 
Barrow. 

The  deflection  caused  by  the  occasional  disturbances  at  Point 
Barrow  is  very  much  greater,  when  compared  with  the  same  at 
Toronto,  than  can  be  explained  by  the  difference  of  the  horizontal 
force  of  the  earth  at  the  two  stations.  The  mean  daily  effect  of  the 
casual  disturbances  was  found  to  be  more  than  ten  times  greater  at 
Point  Barrow  than  at  Toronto ;  hence,  as  it  may  be  greater,  equal  to, 
or  less  than  the  diurnal  solar  variation,  according  to  the  latitude,  it 
may  occasion  a  great  variety  of  phenomena  in  different  localities. 
Besides,  the  aurora  was  seen  contemporaneously  with  the  observa- 
tions 1077  times  in  six  months,  which  strikingly  accords  with  the 
excessive  amount  of  the  occasional  disturbances  at  Point  Barrow,  as 
it  is  well  known  to  affect  the  magnetic  needles;  but  as  there  were 
great  disturbances  when  there  was  no  aurora,  it  cannot  be  admitted 
to  l>e  the  sole  cause  of  the  unusually  great  disturbances  at  Point 
Barrow. 

Every  series  of  observations  shows  the  universal  prevalence  of  the 
period  in  question  in  the  solar  magnetic  variations.  It  is  a  discovery 
of  the  highest  importance,  as  it  proves  that  the  solar  influence  on 
terrestrial  magnetism  is  cosmic,  and  not  thermic,  as  has  been 
generally  believed  ;  and  this  is  confirmed  by  the  action  of  the  moon, 
which  has  little  heat.  M.  Kreil,  of  Milan,  first  discovered  the 
existence  of  a  lunar  diurnal  variation  in  the  declination,  but,  since 
that,  the  numerical  values  of  the  diurnal  lunar  variations  in  all  the 
three  magnetic  elements  have  been  determined  at  all  our  colonial 
observatories,  and  it  was  found  that  these  variations  presented  the 
same  general  characters  at  the  three  stations.  They  are  not  affected 
by  the  decennial  variation  which  is  found  in  all  the  solar  inequali- 
ties, but  yet  they  follow  a  double  progression,  having  in  each 
element  two  maxima  and  two  minima  in  24  hours,  which  consti- 
tutes a  marked  difference  between  the  action  of  the  sun  and  the 
moon  on  terrestrial  magnetism.* 

The  discovery  of  the  magnetism  of  the  atmosphere  and  the  effects 
of  the  astounding  display  on  the  29th  August  and  2nd  September, 


*  M.  Lament,  of  Munich,  has  discovered  that  an  electric  current  is  pro- 
pagated through  the  surface  of  the  earth  parallel  to  the  equator,  which  in 
intimately  connected  with  the  magnetic  vai'iations. 
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1859,  place  the  aurora  unquestionably  in  the  class  of  electro-mag- 
netic phenomena.     The  aurora  occurs  in  the  N.  and  S.,  where  the 
air  is  highly  condensed  by  cold,  and  consequently  highly  magnetic. 
It  generally  appears  soon  after  sunset  in  the  form  of  a  luminoos 
arch  stretching  more  or  less  from  E.  to  W.,  the  most  elevated  point 
being  frequently   in  the  magnetic  meridian   of  the  place  of  the 
observer:   across  the  arch  the  coruscations  are  rapid,  vivid,  and 
of  various  colours,  darting  like  lightning  to  the  zenith,  and  at  the 
same  time  flitting  laterally  with  incessant  velocity.   The  brightness 
of  the  rays  varies  in  an  instant :  they  sometimes  surpass  the  splen- 
dour of  stars  of  the  first  magnitude,  and  often  exhibit  colours  of 
admirable  transparency,  blood  red  at  the  base,  emerald-green  in  the 
middle,  and  clear  yellow  towards  their  extremity.     Sometimes  one, 
and  sometimes  a  quick  succession  of  luminous  currents  rnn  from  one 
end  of  the  arch  or  bow  to  the  other,  so  that  the  rays  rapidly  increase 
in  brightness:  but  it  is  impossible  to  say  whether  the  coruscatiooB 
themselves  are  actually  affected  by  a  horizontal  motion  of  transla- 
tion, or  whether  the  more  vivid  light  is  conveyed  from  ray  to  ray. 
^  he  rays  occasionally  dart  far  past  the  zenith,  vanish,  suddenly  re- 
appear, and,  being  joined  by  others  from  the  arch,  form  a  magnifi- 
cent corona  or  immense  dome  of  light.     The  segment  of  the  sky 
below  the  arch,  which  rises  ordinarily  to  the  height  of  from  five  to 
10  degrees,  is  quite  black,  as  if  formed  by  dense  clouds.     Yet  this 
dark  segment  is  not  a  cloud,  for  the  stars  are  seen  through  it  as 
through  a  dense  smoke.     M.  Struve  says  "  the  stratus  that  rests  on 
the  northern  horizon,  and  appears  to  be  the  base  of  all  the  aurone 
boreales  that  I  have  seen  for  a  long  time  at  Dorpat  (lat.  58**  21'  N.), 
is  not  a  cloud,  but  merely  the  sky  somewhat  darkened.     Very  fre- 
quently, when  it  was  quite  black,  and  very  high  above  the  horizon, 
we  have  seen  the  stars  without  any  diminution  in  their  brilliancy. 
It^s  dark  appearance  is  the  effect  of  contrast  with  the  luminous  arc" 
This  appearance  seems  to  be  the  result  of  the  presence  in  the  air  of 
condensed  vapour  in  the  foim  of  minute  spiculas  of  ice  or  flakes 
of  snow.     When  the  aurora  covers  the  whole  heavens,  the  entire 
atmosphere  is  filled  with  the  haze  caused  in  this  manner,  and  a 
dark  segment  may  be  obser\'ed  resting  on  the  southern  horizon. 
(Ix)omis.)     The  lower  edge  of  the  arch  is  evenly  defined ;  its  upper 
margin  is  fringed  by  the  streamere  which  converge  by  the  effect 
of  perspective  to  the  magnetic  poles.     Ihe  apparent  conyergence 
of  the  arch  is  owing  to  the  same  cause. 

On  the  night  of  the  28th-29th  of  August,  1859,  the  most  brilliant 
aurora  was  seen  all  over  Great  Britain,  at  Brussels,  Basel,  Rome, 
and  must  have  lieen  visible  in  Africa  and  part  of  Asia.  It  was  seen 
over  more  than  the  140°  of  longitude,  from  California  to  Eastern 
Europe,  and  from  Jamaica  to  an  unknown  distance  in  British 
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America  in  the  N.     Intermitting  currents  of   electricitj  were 

observed  in  all  the  telegraphic  wires  at  Brussels,  and  the  submariDe 
cable  from  Oslend  to  Dover  remained  charged  with  electricily  all 
the  morning  of  the  29th. 

On  the  Ut  and  2nd  of  September  following  there  was  &  remark* 
able  coincidence  of  a  simullaiieoiia  display  of  northern  and  southern 
aurora.  It  was  seen  at  tjantiago  in  Chile,  at  the  Uavanna,  and 
almost  all  over  the  northern  hemisphere.  It  was  seen  at  the 
Sandwich  Islands,  and  thruushout  the  whole  of  North  America 
ami  Kurope,  and  maguolic  disturbances  indicated  its  presence 
throughout  all  Northern  Asia.  An  aurora  was  at  the  same  time 
seen  in  South  America  and  New  Holland.  Un  the  2nd  Sep- 
tember, at  seven  in  the  mornin;r,  the  telegraphic  communications 
all  over  France  were  greatly  affected,  and,  on  interrupting  the 
circuit  iif  the  conducting  wire  at  Paris,  strong  sparks  were  given 
out.  Similar  disturbances  were  obi>erved  in  the  telegraphic  com- 
munications in  Switzerland ;  and  Che  aurora  on  the  niuht  of  the 
lind  was  so  bright,  and  its  effects  so  gruat,  in  the  Unittd  States, 
that  the  operators  were  enabled  to  work  the  telegraph  between 
Boston  and  Portland  for  two  hours  without  batteries.  These 
ri'markabte  disturbances  due  to  the  aurora  were  currents  in  the 
earth  from  N.  lo  S.  ;  they  had  that  direction  at  Jtome  and 
Leghorn,  according  to  the  observations  of  Padre  Secchi  and  Mr, 
Maiirc,  HH  well  as  in  Paris.  Ail  showed  an  increase  in  the  intensity 
of  the  vertical  component  force  and  a  diminution  in  the  horizontal 
one,  with  an  augmentation  in  the  inclination  and  declination. 

'I'lie  terrestrial  currents,  that  only  appear  during  the  aurora  in  a 
decided  iiuinner,  no  doubt  always  exist  prmanently  and  imper- 
ceptibly, chiefly  in  the  northern  regions,  for  the  discharge  between 
the  positive  electricityoftbe  atmosphere  and  the  negative  electricity 
of  the  earth  must  constantly  take  place  near  the  pole,  with  an 
intensity  varying  with  the  season  and  atmosphere. 

'Ihe  direction  of  the  terrestrial  currents  ought  by  theory  to  be 
that  of  the  terrestrial  meridian,  but  in  the  far  N.  the  influence  of 
the  terrestrial  ma;netism  makes  a  deviation  in  the  currents  in  the 
atmosphere,  which,  being  jierfectly  movable,  easily  obey  the  action 
of  a  foreign  force;  and  tliat  is  the  reason  why  the  centre  of  the 
aurora  is  in  the  magnetic  |>ole, and  not  in  the  terrestrial.  "Auroras 
are  almost  unknown  within  the  tropics.  'I'hcy  occur  with  the 
greatest  frequency  in  a  none  of  an  oval  form  which  surrounds  the 
iS.  ]iole,  and  whose  central  line  crosses  the  meridian  of  Washington 
in  latitude  o(>°,  and  Ihu  meridian  of  St.  l'et«rsburgh  in  latitude 
71°.  Accordingly  auroras  are  much  more  frequent  in  the  United 
.States  than  tliey  arc  in  the  same  latitudes  of  Europe.  The  form 
of  this  anroral  zone  bean  considerable  resembtanc«  to  b.  -vob.^&^w. 
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parallel,  or  line  eyerywhere  perpendicular  to  a  magnetic 
(Loomifl's  'Bfeteorology/) 

In  (Greenland  the  auroral  arch  lies  to  the  N.  of  the  observer,  and 
Sir  Edward  Pany  saw  it  to  the  S.  in  Melville  Island  ;  conaeqacntly 
it  appears  in  the  zenith  in  some  places.  From  a  moltitiide  of 
observations,  it  is  concluded  that  the  aurora  seldom  appean  at  an 
elevation  less  than  about  45  miles  above  the  earth's  sorfaoe,  and 
that  it  frequently  extends  upward  to  an  elevation  of  SCO  mfle& 
The  aurora  of  August  18,  1859,  pervaded  more  or  less  the  entire 
interval  between  the  elevations  of  46  and  500  miles  above  the 
earth's  surface.  Auroral  arcs  having  a  well-defined  border  are 
generally  less  than  100  miles  in  height. 

Observations  have  proved  that  the  disturbances  of  the  niag:iietic 
needle  and  the  auroral  displays  were  simultaneous  at  Toronto,  in 
Canada,  on  13  days  out  of  24,  the  remaining  days  having  been 
clouded ;  and  contemporaneous  observations  show  that  on  these  13 
days  there  were  also  magnetic  disturbances  at  Prague  and  at 
Tasmania,  so  that  the  "  occurrence  of  aurora  at  Toronto  on  these 
occasions  may  be  viewed  as  a  local  manifestation  connected  with 
magnetic  effects,  which  probably  prevailed  on  the  same  day  over 
the  whole  surface  of  the  globe."  *  At  Point  Barrow,  on  the  shc^ies 
of  the  Polar  Sea,  Captain  Maguire,  R.M.,  mentions,  that  during  the 
months  of  December,  January,  and  February,  a  time  at  which  there 
was  hardly  any  daylight,  the  aurora  appeared  six  days  out  of  every 
seven  for  two  years,  and  that  it  was  seen  contemporaneously  1077 
times  with  considerable  magnetic  disturbances;  but  similar  dis- 
turbances often  occurred  without  it.  It  has  been  observed  that  the 
two  kinds  of  auroral  action  bear  a  strong  analogy  to  the  two  modes 
of  magnetic  action  discovered  by  Dr.  Faraday,  the  ordinary  auroral 
beams  or  streamers  being  parallel  to  the  magnetic  meridian,  and  the 
auroral  arch  at  right  angles  to  it.  Padre  Secchi  has  shown  that  the 
aurora  is  decidedly  an  electrical  phenomenon,  that  its  line  coincides 
very  nearly  with  the  isothermal  line  of  zero,  and  that  it  must 
always  appear  when  the  atmosphere  is  full  of  small  needles  of  ice, 
conditions  which  explain  the  singular  action  upon  the  magnetic 
needle  of  certain  cimis  clouds  formed  of  minute  icicles.  The 
auroras  of  1859  produced  exactly  the  same  effects  as  currents  of 
electricity.  The  auroral  light  is  electric  light,  and  its  colours  are 
the  same  as  those  of  ordinary  electricity  passing  through  rarefied 
air.  The  auroral  beams  are  illumined  spaces  caused  by  the  flow  of 
electricity  through  the  upper  regions  of  the  atmosphere,  and  are 
probably  the  result  of  currents  of  electricity  travelling  in  the  direo- 


*  General   Sabine's   Notes  to    the   English    translation  of  Humboldt's 
'Cosmos,*  vol,  ii. 
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tioD  of  the  aiie  of  the  betutit.  The  fluhea  of  light  Me  doe  to 
ineqiiAlities  in  the  motion  of  the  electric  conenl^  through  tbe 
imperfectly  conducting  medium,  tbe  air. 

Auroras,  like  the  solar  spots,  and  the  mean  daily  faiige  of  the 
magnetic  needle,  exhibit  two  distinct  periods  of  greatest  frequency ; 
one  a  period  of  from  10  to  12  years,  tbe  other  a  period  of  from  68  to 
60  years. 

There  appean  to  be  an  increased  quantity  of  OEone  in  the  atmo- 
sphera  during  the  auroral  apparitions;  it  was  observed  to  be 
particularly  great  on  the  29Ui  August  and  2nd  September,  1869, 
at  Paris. 
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CHAPTEB   XXV. 


TEGETATIOX. 

f  1.  Range  of  vegetation  on  the  earth's  surface ;  nourishment  and  growth 
of  plants;  ripening  of  fruits;  effects  of  the  different  rajs  of  the  solar 
spectrom ;  chemical  elements  of  plants ;  their  perfome.  §  2.  Sleep  of 
plants.  {  3.  Propagation  of  plants ;  their  floral  organs.  §  4.  Claaufi- 
cation  of  plants ;  botanical  districts ;  causes  of  the  distribation  of  the 
regetable  kingdom ;  dispersion  of  seeds  by  cnrrents,  winds,  birda,  and 


{  1.  In  the  present  state  of  the  globe  a  third  part  only  of  its  surface 
is  occupied  by  land,  and  probably  not  more  than  a  fourth  part  of 
that  is  inhabited  by  man ;  but  animals  and  vegetables  have  a  wider 
range.  The  greater  part  of  the  land  is  clothed  with  vegetation  and 
inhabited  by  quadrupeds,  the  air  is  peopled  with  birds  and  insects, 
and  the  sea  teems  with  living  creatures  and  plants.  Thes^  organised 
beings  arc  not  scattered  promiscuously,  but  all  classes  of  them 
occu]>y  localities  suited  to  their  respective  wants.  Many  animals 
and  plants  are  indigenous  only  in  determinate  spots,  while  a 
thonnand  others  might  have  supported  them  as  well,  as  is  proved 
by  mauy  of  them  thriving  in  such  places  when  transix>rted  thither 
by  man. 

i'lants  extract  from  the  ground  inorganic  substances  which  aiB 
indispensable  to  bring  them  to  maturity,  but  the  atmosphere  sup- 
plies the  vegetable  creation  with  the  principal  part  of  its  nourish- 
ment. 

The  black  or  brown  mould  which  is  so  abundant  is  the  produce 
of  decayed  vegetables.  When  the  autumnal  loaves,  the  spoil  of  the 
simimer,  fall  to  the  ground,  and  their  vitality  is  gone,  they  slowly 
decompose,  and,  combining  with  the  oxygen  of  the  atmosphere,  an 
equal  volume  of  carbonic  acid  gas  is  evolved,  which  is  absorbed  by 
the  water  that  exists  abundantly  in  every  good  soil,  and  is  the 
most  important  element  in  the  nourishment  of  vegetables. 

In  loosening  and  refining  the  soil,  as  well  as  in  facilitating  the 
burial  of  dead  leaves,  and  mixing  these  with  the  soil,  the  common 
earth-worm  is  the  fellow-labourer  with  man;   it  eats  earth,  and. 
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after  extracting  the  vegetable  matter,  ejects  the  refuse,  which  is  the 
finest  soil,  and  may  be  seen  lying  in  heaps  at  the  mouth  of  its 
burrow.  So  instrumental  is  this  creature  in  preparing  the  ground, 
that  it  is  said  there  is  not  a  particle  of  the  finer  vegetable  mould 
that  has  not  passed  through  the  intestines  of  a  worm :  thus  the 
most  feeble  of  living  things  is  employed  by  Providence  to  assist 
man. 

The  food  of  the  vegetable  creation  consists  of  carbon,  oxygen, 
hydrogen,  and  nitrogen  ;  plants  obtain  the  two  fonner  entirely  from 
the  atmosphere,  the  two  latter  chiefly  from  the  earth,  in  the  form  of 
water  and  ammonia.  After  having  imbibed  and  decomposed  these 
substances,  they  give  back  the  oxygen  to  the  air,  and  consolidate 
the  carbon,  water,  and  nitrogen  into  wood,  leaves,  flowers,  and 
fruit. 

The  vitality  of  plants  is  a  chemical  process  entirely  dependent  on 
the  sun's  light ;  it  is  most  active  in  clear  sunshine,  feeble  in  the 
shade,  and  nearly  suspended  during  the  night,  when  plants,  like 
animals,  have  their  rest. 

The  atmosphere  contains  about  one  three-thousandth  part  of 
carbonic  acid  gas ;  yet  that  small  quantity  yields  enough  of  carbon 
to  form  the  solid  mass  of  all  the  magnificent  forests  and  plants  that 
clothe  the  face  of  the  earth,  and  the  supply  of  that  necessary 
ingredient  in  the  composition  of  the  atmosphere  is  maintained  by 
the  breathin;jj  of  animals,  by  fermentation,  by  volcanoes,  by  decom- 
position of  animal  and  vegetable  matter,  and  by  combustion.  The 
green  parts  of  plants  constantly  imbibe  carbonic  acid  in  the  day : 
they  decompose  it,  assimilate  the  carbon,  and  return  the  oxygen 
pure  to  the  atmosphere. 

Since  the  vivifying  action  of  the  sun  brings  about  all  these 
changes,  a  superabundance  of  oxygen  is  exhaled  by  the  tropical 
vegetation  under  a  clear  unclouded  sky,  where  the  sun's  rays  are 
most  energetic,  and  atmospheric  moisture  most  abundant.  In  the 
middle  and  higher  latitudes,  on  the  contrary,  the  supply  of  oxygen 
is  greatly  less.  But  an  equilibrium  is  established  by  means  of  the 
winds ;  the  tropical  currents  carrying  the  excess  of  oxygen  to  higher 
latitudes,  to  give  breath  and  heat  to  men  and  animals.  Harmony 
exists  between  the  animal  and  vegetable  creations ;  animals  consume 
the  oxygen  of  the  atmosphere,  which  is  restored  by  the  exhalation 
of  plants,  while  plants  consume  the  carbonic  acid  exhaled  by  men 
and  animals ;  the  existence  of  each  is  thus  due  to  their  reciprocal 
dependence.  Few  of  the  great  cosmical  phenomena  have  only  one 
end  to  fulfil:  they  are  the  ministers  of  the  manifold  designs  of 
Providence. 

When  a  seed  is  thrown  into  the  ground,  the  vital  principle  of  the 
contained  embryo  is  stimulated  by  heat  and  moisture*,  \\a\«i^Ss\<^ 
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(which  is  a  definite  point  of  the  embryo  destined  for  the  porpote) 
elongates  and  gives  off  roots,  while  the  plumule  ascends  and  fomis 
the  stem  and  rudimeutary  leaves.  These  roots  suck  up  water  mixed 
with  carbonic  acid  from  the  soil,  to  be  decomposed  by  the  plant 
which  consolidates  the  carbon.  In  this  stage  of  their  growth,  plant! 
derive  their  whole  sustenance  from  the  ground.  As  soon,  however, 
as  the  perfect  leaves  are  formed,  they  absorb  and  decompose  the 
carbonic  acid  of  the  atmosphere,  retain  the  carbon  for  their  food,  and 
give  out  the  oxygen  in  the  day.  It  appears  wonderful  that  so  small 
a  quantity  of  carbonic  acid  as  exists  in  the  air  should  suffice  to 
supply  the  whole  vegetation  of  the  world,  until  we  reflect  that  the 
total  amount  in  the  air  is  infinitely  greater  than  all  that  which  is 
fixed  in  our  forests  and  coal-fields ;  and  that  a  process  of  decom- 
position replaces  the  waste.  Still  more  wonderful  does  it  appear 
that  a  seed  minute  enough  to  be  wafted  invisibly  by  a  breath  of 
air  should  be  the  theatre  of  all  the  chemical  changes  that  make  it 
germinate.' 

The  fluid  matter  in  the  soil,  containing  different  substances  in 
solution,  is  absorbed  by  the  extremities  of  the  roots  (in  the  case  of 
exogenous  plants),  ascends  to  the  stem,  passes  through  the  woody 
tissue,  forms  vessels  and  cells,  dissolving  and  appropriating  various 
new  substances.  Proceeding  upwards  and  outwards,  this  sap  reaches 
the  bark  and  the  leaves,  where  it  is  exposed  to  the  air  and  is  elabor* 
ated  by  the  function  of  respiration.  It  then  returns,  or  descends 
chiefly  through  the  bark,  either  directly  or  in  a  circuitous  manna-, 
communicating  with  the  central  parts  by  the  medullary  ra3rB, 
depositing  various  secretions,  more  especially  in  the  bark,  and  giving 
origin  to  substances  which  are  destined  to  nourish  and  form  new 
tissues.'  The  course  of  the  fluids  in  endogens  and  acrogens  is  not 
so  well  determined.  Wood,  sugar,  starch,  gum,  oils,  resins,  and 
acids  are  formed  through  the  chemical  combination  of  the  constitu- 
ents of  the  liquid  food  of  plants  with  the  carbon  derived  from  the 
carbonic  acid  of  the  air.  It  must  be  observed,  however,  that 
these  difl'erent  substances  are  produced  at  different  sta^^es  in  the 
growth  of  the  plant;  for  example,  starch  is  formed  in  the  roots, 
stalk,  and  seed,  but  it  is  converted  into  sugar  as  the  fruit  ripens, 
and  the  more  starch  the  sweeter  the  fruit  becomes.  Most  of  these 
new  compounds  are  formed  between  the  flowerini:^  of  the  plant  and 
the  ripening  of  the  fruit,  and  indeed  they  furnish  the  materials  for 
the  flowers,  fruit,  and  seed. 

Ammonia,  the  third  constituent  of  plants,  a  product  of  the 


'  The  sporules  or  seeds  of  fungi  are  so  minute  that  M.  Fries  estimated 
above  10,000,000  in  a  single  plant  of  the  Reticularia  maxima :  they  were 
■o  subtle  that  they  were  like  smoke.         '  Balfour's  *  Manual  of  Botany.* 
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decay  and  putrefaction  of  animal  matter,  also  enters  them  by  theif 
roots  with  rain-water,  and  is  resolved  within  them  into  its  con- 
stituent elements,  hydrogen  and  nitrogen.  The  hydrogen  aids  in 
forming  the  wood,  acids,  and  other  substances  before  mentioned ; 
while  the  nitrogen  enters  into  every  part  of  the  plant  and  forms  new 
compounds ;  it  exists  in  the  blossom,  in  the  fruit  before  it  is  ripe, 
and  in  the  wood,  as  albumen ;  it  also  exists  in  gluten,  which  is  the 
albuminoid  part  of  wheat,  barley,  oats,  and  all  other  cerealia,  as  well 
as  of  esculent  roots  and  tubers,  &c.  Nitrogen  exists  abundantly 
in  peas,  beans,  and  pulse  of  every  kind,^  and  it  enters  into  the 
composition  of  most  alimentary  vegetable  substances ;  the  use  of 
animal  manure  is  to  supply  plants  with  this  essential  article  of 
their  food. 

The  difference  of  a  clear  or  cloudy  sky  has  an  immense  effect  on 
vegetation ;  the  ripening  of  fruit  depends  upon  the  serenity  of  the 
sky  more  than  on  summer  temperature  alone.  The  chemical  rays 
of  the  solar  spectrum  have  most  effect  not  only  on  the  germination 
of  seed,  but  also  on  the  growing  plant.  They  penetrate  the  ground, 
and  have  a  much  greater  influence  on  the  germination  of  seeds  than 
ordinary  light  or  darkness.  T'hese  rays,  together  with  light,  are 
essential  to  the  formation  of  the  colouring  matter  of  leaves  ;  they 
are  most  active  in  spring,  when  they  are  in  very  considerable  excees 
as  compared  with  the  quantity  of  light  and  heat ;  but  as  summer 
advances  the  reverse  takes  place ;  those  hot  rays,  corresponding  to 
the  extreme  red  of  the  spectrum,  which  faciliate  the  flowering  and 
funning  of  the  fruit,  becom^  by  far  the  most  abundant ;  and  a  set 
of  invisible  rays,  which  exist  near  the  point  of  maximum  heat  in 
the  solar  spectrum,  are  also  most  abundant  in  summer.  Mr.  Hunt 
found  that  the  hot  rays  immediately  beyond  the  visible  red  destroy 
the  colour  of  certain  leaves ;  and  for  that  reason  the  glass  of  the 
great  palm-house  at  Kew  Gardens  is  tinged  pale  yellow  green,  to 
exclude  the  scorching  rays  in  question,  though  it  is  permeable  by 
the  other  rays  of  heat,  those  of  light  and  the  chemical  rays.' 


*  It  is  very  doubtful,  from  some  late  researches  noticed  elsewhere,  that 
the  air  contains  any  appreciable  quantity  of  ammoniacal  gas.  See  M. 
Ville's  researches  in  the  *Comptes  Kendus.' 

'  The  sohir  spectrum,  or  coloured  image  of  the  sun,  formed  by  passing  m 
sunl>c<im  through  a  prism,  is  com{>osed  of  a  variety  of  invisible  as  well  as 
visible  rays.  The  chemical  rays  are  most  abundant  beyond  the  violet  end 
of  the  spectrum,  and  decrease  through  the  violet,  blue,  and  green,  to  the 
yellow,  where  they  cease.  The  rays  of  heat  are  in  excess  a  little  beroiid 
the  red  end,  and  gradually  decrease  towards  the  violet  end.  Besides  these, 
there  are  two  insulated  spots  at  a  considerable  distance  from  the  red,  where 
the  heat  is  a  maximum.  Were  the  rays  of  heat  visible,  they  would  exhibit 
«liderences  as  distinct  as  the  coloured  rays,  so  varied  are  their  properties 
according  to  their  position  in  the  spectrum.     There  are  also  i^>&.\\»x  tv^ 
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In  spring  and  summer  the  oxygen  taken  in  by  the  plants  aids  in 
the  formation  of  oils,  acids,  and  the  other  parts  that  contain  it ;  but 
as  soon  as  autumn  comes,  the  vitality  or  chemical  action  of  vege- 
tables is  weakened,  and  the  oxygen  becomes  a  minister  of  destruc- 
tion ;  it  changes  the  colour  of  the  leaves,  and  consumes  them  when 
they  fall.  Mitrogen,  so  essential  during  the  life  of  plants,  also 
returns  to  the  atmosphere  in  ammonia  when  they  die. 

Although  the  food  which  constitutes  the  mass  of  plants  is  derived 
principally  from  water  and  the  gases  of  the  atmosphere,  solid  sub- 
stances are  also  requisite  for  their  growth  and  perfection,  and  these 
they  obtain  from  the  earth  by  their  roots.  The  inorganic  matters 
are  the  alkalis,  phosphates,  silicates,  sulphates,  and  others. 

It  has  already  been  mentioned  that  vegetable  acids  are  found  iu 
the  juices  of  all  the  families  of  plants.  They  are  generally  in 
combination  with  one  or  other  of  the  alkaline  substances,  as  potash, 
soda,  lime,  and  magnesia,  which  are  as  essential  to  the  existence  of 
plants  as  the  carbonic  acid  by  which  the  vegetable  acids  are  formed. 
None  of  the  com  tribe  can  produce  perfect  seeds  unless  they  have 
both  potash  and  phosphate  of  magnesia ;  nor  can  they  or  any  of 
the  grasses  thrive  without  silica,  which  gives  the  stillness  to  straw, 
to  thp  beard  of  wheat  and  barley,  to  canes,  and  bamboos  ;  it  is  even 
found  in  solid  lumps  in  the  joints  of  bamboo,  and  is  known  in  India 
by  the  name  of  tabashir.  To  bring  the  cerealia  to  perfection,  it  is 
indispensable  that  in  their  growth  they  should  be  supplied  with 
carbonic  acid  for  the  plant,  silica  to  give  it  strength  and  firmness, 
and  nitrogen  for  the  grain. 

Phosphoric  acid,  combined  with  an  earth  or  alkali,  is  found  in  the 
ashes  of  many  vegetables,  and  is  essential  to  them.  Pulses  contain 
but  little  of  it,  and  on  that  account  are  less  nutritious  than  the 
Cerealia.  1'he  family  of  the  Cruciferte,  as  cabbages,  turnips,  mus- 
tard, &c.,  contain  sulphur  in  addition  \o  the  substances  common  to 
the  growth  of  all  plants ;  each  particular  tribe  has  its  own  pecu- 
liarities, and  requires  a  combination  suited  to  it. 

The  perfume  of  flowers  and  leaves  is  owing  to  a  substance  of  the 
nature  either  of  volatile  oil  or  wax,  and  is  often  carried  by  the  air 
to  a  great  distance ;  in  hot  climates  it  is  most  powerful  in  the 
morning  and  evening.  The  odour  of  plants  has  been  perceived 
many  miles  from  the  coasts  of  various  hot  and  especially  dry 
countries.  The  variety  of  perfumes  is  infinite,  and  shows  the 
innumerable  combinations  of  which  a  few  simple  substances  are 
capable,  and  the  extreme  minuteness  of  the  particles  of  matter. 

which  produce  phosphorescence,  others  whose  properties  are  not  quite 
made  out,  and  probably  many  undiscovered  influences;  tor  time  has  not 
yet  fully  revealed  the  sublimity  of  that  creation,  when  God  said,  "  Let 
there  be  light — and  there  was  W^Vvt." 
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§  2.  In  northern  and  mean  latitudes  winter  is  a  time  of  rest  to 
the  greater  part  of  the  vegetable  world,  and  In  certain  tropical 
climates  the  vigovir  of  vegetation  Ib  Suspended  during  the  dry,  hot 
season,  to  be  resumed  at  the  return  of  the  ]«riodical  rains.  The 
]ieriodical  phenomena  of  the  appearance  of  the  first  leaven,  the 
Howerin*;,  the  ripening'  of  the  fruit,  and  the  fall  of  the  leaf,  depend 
upon  the  annual  and  diurnal  changes  of  temperature  and  moistnre, 
and  succeed  each  other  with  so  much  hamiony  and  regularity,  that 
were  there  a  sufticient  number  of  observations,  lines  might  be  drawn 
on  a  globe  appruximately  indicating  places  where  the  leaves  of 
certain  plants  appear  simultaneously,  and  illustrating  the  other 
principal  phases  of  vegetation.  In  places  where  the  same  planta 
flower  on  the  same  day,  the  fruit  may  ripen  at  the  same  period; 
it  would  therefore  be  interesting;  to  know  what  relation  lines  passing 
throu[!h  those  places  would  have  to  one  another  and  to  the  iao- 
thennat  lines  ;  more  especially  with  regard  to  the  plants  indispen- 
sable to  man,  since  the  periodicity  of  vegetation  affects  bis  whole 
social  condition. 

Certain  plantu  sleep  during  the  night;  some  show  it  in  their 
leaves,  others  in  their  blossom.  Some  minioaaa  not  only  close  their 
leaves  at  ni>;ht,  but  their  leaf-stalbs  droop  ;  in  a  clover-field  not  a 
leaf  opens  until  atler  sunrise.  The  common  daisy  is  a  familiar 
instance  of  a  sleeping  inflorescence;  it  shuts  up  its  ray-flowers  in 
the  evening,  and  opens  its  white  siid  crimson-tipped  star,  the 
"day's  eye,"  to  meet  the  early  beams  of  the  morning  sun  ;  when 
also  "  wi[iking  mary-buds  begin  to  ope  their  golden  eyes." 

The  cpjcus,  tulip,  convolvulus,  and  many  others,  close  their 
blossoms  at  different  hours  towards  evening,  some  to  open  them 
again,  others  never.  The  ivy-leaved  lettuce  opens  at  eight  in  the 
morning,  and  closes  for  ever  at  four  in  the  afternoon.  Some  plants 
seem  to  be  wide  awake  all  night,  and  to  give  out  their  perfume 
then  only,  or  at  nightfall.  Many  of  the  jessamines  are  meat 
IVa;rniit  during  the  twilight :  the  ('tea  fra;:;Tans,  the  Daphne  odora, 
and  the  nigbt-stock  reserve  their  sweetness  for  the  midnight  hour,  . 
and  the  night-flowering  Cereus  turns  night  into  day.  It  begini  to 
exjiand  Its  magnificent  sweet-scented  blossom  in  the  twilight,  it  is 
full  blown  at  midnight,  and  closes,  never  to  open  again,  with  the  dawn 
of  day; — these  are  "the  bats  and  owls  of  the  vegetable  kingdom."' 

'  DaDdelioD  op^na  at  five  or  <ii  in  ths  morning,  and  ihuU  at  nine  io  th« 
f  vening ;  the  giHiC'i>-l»Brd  wiikes  at  three  in  the  morning,  snd  thutj  at  fiv* 
<ir  >ii  in  the  afteriKHiD,  The  orange-cnloared  t^nchieholliiB  ii  »  teasitivt 
that  it  i;loiet  during  tlie  psjusge  of  ■  cloud,  "The  nurigold  that  gom  to 
bed  tti'  the  aun,  and  with  him  riftes  weeping,'*  with  msnj  more,  ars  id- 
•tanm  of  the  ileep  of  plants :  the  gentianella,  veroDica,  ud  other  pliats 
uJoat  ttatji  UoBtonu  on  tka  approuh  of  rein. 
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Many  plants  brought  from  warm  to  temperate  climates  have 
become  habituated  to  their  new  situation,  and  flourish  as  if  they 
were  natives  of  the  soil ;  such  as  have  been  accustomed  to  flower 
and  rest  at  particular  seasons  change  their  habits,  and  adapt  them- 
selves to  the  seasons  of  the  country  that  has  adopted  them. 

§  3.  Plants  are  propagated  by  seeds,  offsets,  cuttings,  and  buds  ; 
hence  they,  but  more  especially  trees,  have  myriads  of  seats  of  life, 
a  congeries  of  vital  systems  acting  in  concert,  but  independently  of 
each  other,  every  one  of  which  might  become  a  new  plant. 

All  the  floral  organs  of  plants  are  composed  of  modified  or  trans- 
formed leaves ;  a  law  developed  and  established  by  Linnaeus,  and 
which  has  been  since  popularised  by  the  illustrious  poet  Gothe. 
According  to  this  law,  embryo  leaves  have  been  found  passing  into 
common  leaves,  these  into  bracts,  bracts  into  sepals,  sepals  into 
petals,  these  into  stamens,  and  lastly  stamens  into  pistils  which 
contain  the  ovules.  I'hese  changes  are  not  indeed  all  traceable  on 
any  one  plant,  though  several  of  the  series  may  be  (as  from  sepals 
to  petals  and  stamens  in  the  white  water-lily);  but  all  double 
flowers,  and  other  so-called  monsters,  afford  examples  of  it ;  in 
many  of  which  a  sudden  change  of  one  of  the  series  into  ordinary 
leaves  is  common.  The  double  rose  is  easily  seen  to  be  a  single 
rose  with  the  stamens  turned  into  petals ;  and  the  sepals  to  be 
modified  stem-leaves. 

§  4.  Plants  are  naturally  distributed  in  two  great  sub-kingdoms 
— the  flowering  plants,  whose  flowers,  containing  stamens  and 
pistils,  are  all  formed  of  whorls  of  modified  leaves,  and  whose  young 
seeds,  called  ovules,  are  fertilized  by  the  pollen  of  the  stamens ;  and 
flowerless  fiants,  as  ferns,  mosses,  lichens,  seaweeds,  and  fungi, 
whose  extremely  minute  seeds  are  of  a  very  different  nature,  and 
which  have  no  flowers  properly  so  called.  The  flowering  plants 
are  divided  into  two  principal  classes,  called  monocotyledons  and 
dicotyledons ;  of  these  the  monocotyledons  grow  from  within,  the 
foot-stalks  of  the  old  leaves  always  forming  the  outside  of  the  stem ; 
their  leaves  have  parallel  veins  ;  the  parts  of  their  floral  whorls  are 
usually  in  threes  or  sixes,  and  their  embryo  has  but  one  seed-lobe 
or  cotyledon :  to  this  class  palms,  grasses,  lilies,  &c.,  belong.  ITie 
dicotyledons  have  leaves  with  netted  veins ;  stems  with  distinct 
bark ;  layers  of  wood  and  pith  ;  the  parts  of  their  floral  whorls  are 
in  fours  or  fives,  and  the  embryo  has  two  seed-lobes.  All  British 
trees  and  woody  plants  belong  to  this  class,  which  is  by  far  the 
larger  of  the  two. 

These  classes  are  distributed  in  very  different  proportions  in 
different  zones.  Between  the  tropics  there  are  four  dicotyledons 
to  one  monocotyledon,  in  the  temperate  zone  six  to  one,  and  in 
the  jkAat  regions  only  two  to  one.     In  the  temperate  zones  one- 
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sixth  of  the  flowering  plants  are  annuals ;  in  the  torrid  zone  scarcely 
one  plant  in  twenty  is  annual,  and  in  the  polar  regions  only  one 
in  thirty.  The  number  of  woody  plants  increases  on  approaching 
the  equator.  In  North  America  there  are  120  different  species 
of  forest-trees,  whereas  in  the  same  latitudes  in  Europe  there  are 
only  34. 

Equinoctial  America  has  a  more  extensive  vegetation  than  any 
other  part  of  the  world  of  equal  area ;  Europe  has  not  above  half 
the  number  of  indigenous  species  of  plants ;  Asia,  with  its  islands, 
has  far  more  than  Europe.  In  a  memoir  on  the  geographical 
distribution  of  plants  in  Armenia  and  Asia  Minor,  M.  Pierre  de 
Tchihatchef  mentions  that  no  country  of  its  size  has  such  an 
abundant  and  varied  flora  as  the  latter;  that  the  plants  on  five 
mountains  only,  amount  to  double  the  entire  number  of  British 
species.  Australia,  with  its  islands,  is  estimated  to  possess  as  many 
vegetable  species  as  Europe  ;  but  new  fertile  regions  are  continually 
being  discovered,  and  the  enormous  extent  of  unknown  country 
teeming  with  vegetation,  recently  traversed  by  Dr.  Livingstone, 
Captains  Burton  and  Speke,  and  M.  du  Ohaillu,  in  tropical  Africa, 
renders  any  estimation  of  the  botanical  riches  of  that  continent 
impossible  at  present. 

Since  the  constitution  of  the  atmosphere  is  very  much  the  same 
everywhere,  vegetation  depends  principally  on  the  sun's  light, 
moisture,  and  the  mean  annual  temperature,  and  it  is  also  in  some 
degree  regulated  by  the  heat  of  summer  in  the  temperate  zones,  and 
also  by  exposure,  for  such  plants  as  require  warmth  are  found  at  a 
higher  level  on  the  S.  than  on  the  N.  side  of  a  mountain,  in  the 
northern  hemisphere.  Between  the  tropics,  wherever  rain  does  not 
fall,  the  soil  is  burnt  up,  and  is  as  unfruitful  as  that  exposed  to  the 
utmost  rigour  of  frost ;  but  where  moisture  is  combined  with  heat 
and  light,  the  luxuriance  of  the  vegetation  is  beyond  description. 
The  abundance  and  violence  of  the  periodical  rains  combine  with 
the  intense  light  and  heat  to  render  the  tropical  forests  and  jungles 
almost  impervious  from  the  rankness  of  the  vegetation.  This  exu- 
berance gradually  decreases  with  the  distance  from  the  tropics  ;  it 
also  diminishes  progressively  as  the  height  above  the  level  of  the  sea 
increases,  so  that  each  height  has  a  corresponding  parallel  of  latitude 
where  the  climates  and  floras  are  analagous ;  and  at  the  regions  near 
the  line  of  perpetual  snow  the  vegetation  scarcely  rises  above  the 
surface  of  the  ground,  and  presents  a  counterpart  to  that  of  the  polar 
regions.  Hence,  in  ascending  the  Himalayas  or  Andes  from  the 
luxuriant  bases  of  those  mountains,  changes  take  place  in  the  vege- 
tation analagous  to  what  a  traveller  would  meet  with  in  a  journey 
from  the  equat<ir  to  the  poles.  This  law  of  decrease,  though  per- 
fectly regular  over  a  wide  extent,  is  perpetually  interfered  with  by 
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local  circumstances.  From  various  causes,  as  the  distribution  of 
land  and  water,  their  different  powers  of  absorption  and  radiation, 
together  with  the  form,  composition,  and  clothing  of  the  land,  and 
the  prevailing  winds,  it  is  found  that  the  isothermal  lines,  or 
imaginary  lines  drawn  through  places  on  the  surface  of  the  globe 
which  have  the  same  mean  annual  temperature,  do  not  correspond 
with  the  parallels  of  latitude.  Thus,  in  North  America  the  climate 
is  much  colder  than  in  the  corresponding  European  latitudes. 
Quebec  is  in  the  latitude  of  Paris,  and  the  country  is  covered  with 
deep  snow  four  or  five  months  in  the  year,  and  a  summer  has  been 
experienced  there  in  which  not  more  than  60  days  had  been  free 
from  frost.  In  the  southern  hemisphere,  beyond  the  34th  parallel, 
the  summers  are  colder  and  the  winters  milder  than  in  correspond- 
ing latitudes  of  the  northern  hemisphere. 

Neither  does  the  temperature  of  mountains  always  vary  exactly 
with  their  height  above  the  sea  ;  other  causes,  as  prevailing  winds, 
diflference  of  radiation,  and  geological  structure,  concur  in  producing 
irregularities,  which  have  a  powerful  effect  on  the  vegetable  world. 

However,  no  similarity  of  existing  circumstances  can  account  for 
whole  families  of  plants  being  confined  to  one  particular  country,  or 
even  to  a  very  limited  district,  which,  as  far  as  we  can  judge,  might 
have  grown  equally  well  on  many  others.  Latitude,  elevation,  soil, 
and  climate,  are  but  secondary  causes  in  the  distribution  of  the  v^e- 
table  kingdom,  and  are  totally  inadequate  to  explain  why  there  are 
numerous  distinct  botanical  districts,  each  of  which  has  its  own 
vegetation,  whose  limits  are  most  decided  when  they  are  separated 
by  the  ocean,  mountain-chains,  sandy  deserts,  salt-plains,  or  inland 
seas.  Each  of  these  districts  is  the  focus  of  families  and  genera, 
some  of  which  are  found  nowhere  else,  and  some  of  which  are  com* 
mon  to  others.* 


'  M.  de  Candolle  and  Professor  Schouw  have  divided  the  earth's  surface 
into  20  botanical  regions;  and  Professor  Martins,  of  Munich,  into  51  pro- 
vinces, namely,  5  in  Europe,  11  in  Africa,  13  in  Asia,  3  in  Australia,  4  in 
North  and  8  in  South  America,  besides  Central  America,  the  Antilles,  the 
Antarctic  Lands,  New  Zealand,  Tasmania,  New  Guinea,  and  Polynesia.  To 
these,  other  divisions  might  be  added,  as  the  Galapagos,  the  flora  of  which 
is  so  strongly  defined. 

Baron  Humbolt  gives  the  following  concise  view  of  the  distribution  of 
plants,  as  to  height : — 

The  equatorial  zone  is  the  region  of  palms  and  bananas. 

The  tropical  zone  is  the  region  of  tree-ferns  and  figs. 

The  subtropical  zone,  that  of  myrtles  and  laurels. 

The  warm  temperate  zone,  that  of  evergreen  trees. 

The  cold  temperate  zone,  that  of  European  or  deciduous  trees. 

The  subarctic  zone,  that  of  pines. 

The  arctic  zone,  that  of  rhododendrons. 

The  polar  zone,  thai  of  alpine  plants. 
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As  the  land  roee  at  different  periods  above  the  ocean,  eadi  part, 
as  it  emerged  from  the  waves,  was  probably  clothed  with  vegetation, 
and  peopled  with  animals,  suited  to  its  position  and  climate.  And 
as  the  conditions  and  climate  wore  different  at  each  succeeding 
geological  epoch,  so  each  portion  of  the  land,  as  it  emerged  from  the 
ocean,  would  be  characterized  by  its  own  vegetation  and  animals ; 
and  thus  many  centres  of  creation  would  result,  all  differing  mare  or 
less  from  one  another,  and  hence  alpine  floras  must  be  of  older  date 
than  those  in  the  plains.  The  vegetation  and  faunas  of  those  lands 
that  differed  most  in  age  and  place  would  be  most  dissimilar,  while 
the  plants  and  animals  of  such  as  were  not  fiir  removed  from  one 
another  in  time  and  place  would  have  correlative  forms  or  family 
likenesses ;  yet  each  region  would  form  a  distinct  province.  During 
these  changes  the  older  forms  may  have  been  modified  to  a  certain 
extent  by  the  succeeding  conditions  of  the  globe. 

The  flora  of  the  higher  parts  of  the  Himalaya  Mountains  is  to 
some  extent  similar  to  that  of  Europe,  many  species  being  identical. 
In  the  mountains  and  valleys  of  Tibet,  where  the  cold  is  not  less 
than  in  the  wastes  of  Siberia,  the  vegetation  of  one  might  be 
mistaken  for  that  of  the  other ;  the  gooseberry,  currant,  rhubarb, 
tamarisk,  willow,  and  poplar,  growing  in  both.  I'he  flora  near  the 
snow-line  on  the  lofty  mountains  of  Europe  has  also  a  perfect  family 
likeness  to  that  of  high  northern  latitudes.  In  like  manner  many 
plants  on  the  higher  parts  of  the  Chilian  Andes  are  similar  to  thoie 
in  IHerra  del  Fuego,  and  even  identical  with  them ;  nay,  the  Arctic 
flora  has  a  certain  resemblance  to  the  Antartic,  and  presents  even 
identical  species. 

In  the  many  vicissitudes  the  surface  of  the  globe  has  undergone, 
continents,  formed  at  one  period  were,  at  another,  broken  up  into 
inlands  and  detached  masses  by  inroads  of  the  sea,  and  other  causes. 
Professor  E.  Forbes  has  shown  that  some  of  the  primary  floras  and 
faunas  have  spread  widely  from  their  original  centres  over  large  por- 
tions of  those  continents  before  the  land  was  broken  up  into  the 
form  it  now  has,  and  he  thus  accounts  for  the  similarity  and  some- 
times identity  of  the  plants  and  animals  of  regions  now  separated 
by  seas — as,  for  example,  islands,  which  generally  partake  of  the 
vegetation  and  fauna  of  the  continents  adjacent  to  them.  Taking 
for  granted  the  original  creation  of  specific  centres  of  plants  and 
animals.  Professor  E.  Forbes  has  clearly  proved  that  "  the  specific 
identity,  to  any  extent,  of  the  flora  and  fauna  of  one  area,  with 
those  of  another,  depends  on  both  areas  forming,  or  having  formed, 
part  of  the  same  specific  centre,  or  on  their  having  derived  their 
animal  and  vegetable  population  by  transmission,  through  migra- 
tion, over  continuous  or  closely  contiguous  land,  aided,  in  the  case 
of  alpine  floras,  by  transportation  on  floating  masses  of  ice." 
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Comparatively  very  few  of  the  exogenous  or  dicotyledonous 
plants  are  common  to  two  or  more  countries  far  apart.  There  are 
many  more  instanoes  of  wide  diffusion  among  the  monocotyled<»ioas 
plants,  especially  grasses.  The  aquatic  monocotyledonous  plants 
offer  perhaps  more  striking  examples  of  wide  diffusion  over  the 
surface  of  the  globe  than  any  other,  whilst  the  cellular  or  crypto- 
gamous  class  is  the  most  widely  diffused  of  all. 

In  islands  far  from  continents  the  number  of  plants  is  small,  bat 
of  these  a  large  proporticm  occur  nowhere  else.  In  St.  Helena,  of 
30  flower-bearing  plants,  one  or  two  only  are  native  elsewhere,  bat 
of  60  species  of  cryptogamous  plants  Dr.  Hooker  found  only  12 
peculiar  to  the  island. 

Plants  are  dispersed  by  currents :  of  600  plants  from  the  vicinity 
of  the  Biver  Congo  on  the  coast  of  Africa,  13  are  also  found  on  the 
shores  of  Guiana  and  Brazil,  evidently  carried  by  the  great  equa- 
torial current  to  countries  congenial  in  soil  and  climate.  The  seeds 
of  the  Entada  scandens,  the  Guilandina  Bonduc,  and  the  cashew- 
nut,  are  wafted  from  the  West  Indian  islands,  by  the  Gulf-stream, 
to  the  coasts  of  Scotland  and  Ireland,  where  the  climate  and  soil 
do  not  suit  them,  and  where  therefore  they  do  not  become  natural- 
ised, though  some  are  stated  to  have  vegetated.  Winds  also  waft 
seeds  to  great  distances ;  birds  and  quadrupeds,  and  above  all  man, 
are  active  agents  in  dispersing  plants.  Plants  introduced  by  man 
into  other  than  their  native  countries  frequently  become  quasi-* 
indigenous ;  for  example,  the  Argemone  Mexicana,  stated  to  have 
been  introduced  into  India  from  Mexico  about  three  centuries  ago, 
is  now  abundant  in  a  wild  state  in  many  parts  of  India. 
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T  EOETATiON— eondntwrf. 

§  1.  V«gttatloa  of  tha  great  conttQcnti.  $  3.  Flora  of  ths  Antic  lod 
colder  tempente  rtgiani  of  the  gmt  contineiita.  {  3.  Florm  of  BriUlD 
and  of  midille  ind  •onthern  Europe.     $  4.  Flora  of  Umperate  AiU. 

§  1.  Thb  southern  limit  of  the  poUr  flora,  on  the  old  continent,  liet 
moetly  within  the  Arctic  Circle,  biit  stretches  along  the  tops  of  the 
ScandinaTiaQ  nioimtains,  and  reappears  in  the  highlands  of  Scotland, 
Cumberlaoil,  and  Irelaod,  on  the  summita  of  the  Pyrenees,  Alps, 
and  other  mountains  in  southern  Europe,  as  well  as  on  the  moun- 
tains of  central  Asia,  and  on  the  high  ridgee  of  the  Himalaya. 

The  great  European  plain  extending  to  the  Ural  Mountftins,  as 
well  &B  the  lowlanda  of  England  and  Ireland,  were  at  one  period 
covered  by  a  »ea  full  of  iloating  ice  and  icehei^  which  made  the 
climate  much  colder  than  it  now  is.  At  the  beginning  of  that 
period  the  Scandinavian  range,  the  othei  continental  mountains, 
and  those  in  Britain  and  Ireland,  were  islands  of  no  great  eleratioD, 
and  were  then  clothed  with  the  present  Arctic  flora,  representativea 
of  which  they  still  retain  now  that  they  rorm  the  tops  of  the 
mountain -chains.  At  that  time  both  plants  and  anunala  were 
conveyed  from  one  country  to  another  by  floating  ice.  It  is  even 
probable,  from  the  relations  of  their  fauna  and  flora,  that  Greenlaml, 
Iceland,  and  the  very  hi^h  European  latitudes,  are  portions  of  a 
great  northenk  land  which  had  for  the  most  part  sunk  down  at  the 
close  of  the  glacial  period,  for  there  were  many  vicissitudes  of  level 
during  that  epoch.  At  all  events,  it  may  be  presumed  that  the 
elevation  of  the  Arctic  regions  of  both  continents,  if  not  conttmipo- 
raneous,  was  probably  not  far  removed  in  time.  Similarity  of 
circumstances  had  extended  throughout  the  whole  Arctic  r^oos, 
since  there  is  a  remarkablis  similarity  and  even  identity  of  specie* 
of  plantti  and  animals  in  the  high  latitudes  of  both  continents, 
which  is  conCinuMl  along  the  tops  of  their  mountain -chains,  even 
in  the  temperate  zones ;  and  there  is  reason  to  believe  that  the 
relations  between  the  faunas  and  floras  of  North  America,  Asia, 
and  Europe,  must  bave  been  eetabliihed  towards  the  cloee  of  the 
glacial  period. 
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The  plants  of  Iceland  are  almost  wholly  identical  with  those  of 
Britain,  yet  only  one  in  four  of  the  British  plants  are  known  in 
Iceland.  There  are  870  species  in  Iceland,  of  which  more  than 
half  are  flower-hearing.  This  flora  is  scattered  in  groups  according 
as  the  plants  like  a  dry,  marshy,  volcanic,  or  marine  soil.  Many 
grow  close  to  the  hot-springs  ;  some  not  far  from  the  edge  of  the 
basin  of  the  Great  Geyser ;  and  species  of  Confervae  flourish  in  a 
spring  said  to  be  almost  hot  enough  to  boil  an  egg.  llie  Cerealia 
cannot  be  cultivated  on  account  of  the  severity  of  the  climate,  but 
the  Icelanders  make  bread  from  metur,  a  species  of  wild  com,  and 
also  from  the  bulbous  root  of  Polygonum  viviparum ;  their  greatest 
delicacy  is  the  Angelica  Archangelioa ;  Iceland  moss,  used  in 
medicine,  is  an  article  of  commerce.  There  are  583  species  in  the 
Faroe  Islands,  of  which  270  are  flowering  plants:  many  thrive 
there  that  cannot  bear  the  cold  of  Iceland. 


ABCTIG  AKD  COLDER  TEMPEBATE  FLORA  OF  THE  GREAT 

CONTINENTS. 

§  2.  In  the  most  northern  parts  of  the  Arctic  lands  the  year  is 
divided  into  one  long  intensely  cold  night  and  one  bright  and  fervid 
day,  which  quickly  brings  to  maturity  the  scanty  vegetation. 
Within  the  limit  of  perpetual  congelation  the  Palmella  nivalis  (or 
red  snow  of  the  Arctic  voyagers),  which  consists  of  an  excessively 
thin  stratum  of  microscopic  red  or  orange-coloured  globules,  finds 
nourishment  in  the  snow  itself,  the  flrst  dawn  of  vegetable  life ; 
it  is  also  found  colouring  large  patches  of  snow  on  the  Alps  and 
Pyrenees. 

Lichens  are  the  first  vegetables  that  appear  at  the  limits  of  the 
snow-line,  whether  in  high  latitudes  or  mountain-tops,  and  they  are 
the  first  vegetation  that  takes  possession  of  volcanic  lavas  and  new 
islands,  where  they  prepare  soil  for  plants  of  a  higher  order ;  they 
grow  on  rocks,  stones,  and  trees,  in  fact  on  anything  that  affords 
them  moisture.  Many  species  are  known;  no  plants  are  mofe 
widely  diffused,  and  none  afford  a  more  striking  instance  of  the 
power  of  migration  possessed  by  species,  as  they  are  of  so  little 
direct  ose  to  man  that  they  have  not  been  disseminated  by  his 
agency.  The  same  kinds  prevail  throughout  the  Arctic  regions, 
and  species  common  to  both  hemispheres  are  very  numerous.  Some 
lichens  produce  brilliant  red,  orange,  and  brown  dyes ;  and  the  tripe 
de  roohe,  a  species  of  Gyrophora,  is  a  miserable  substitute  for  food, 
as  onr  intrepid  countryman  Sir  John  Franklin  and  his  brave  com- 
panions experienced  in  their  perilous  Arcticr  journeys. 
'  Hosses  follow  lichens  on  newly-formed  soil,  and  they  are  found 
everywhere  throughout  the  world  in  damp  situations,  but  in  greatest 
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abundance  in  t«inpe»te  and  alpine  climAtea.  Upwudt  of  1000 
species  are  known,  of  which  a  conaidenble  number  inhabit  Urn 
Arctic  re;;iona,  constituting  a  larj»e  portion  of  the  vegetation. 

]n  Aaiatio  Siberia,  N.  of  the  60th  paiallel  of  latitude,  the  ground 
is  perpetually  frozen  at  a  very  amall  depth  below  the  surface :  r 
temperature  of  the  air  of  70°  below  zero  of  Fahrenheit  is  not  un- 
common, and  in  some  instancea  the  cold  has  been  120°  below  »«ro. 
'J  hen  it  is  fatal  to  animal  life,  especially  if  ac»ompMiied  by  wind. 
In  some  places  trees  f,Tow  and  com  ripens  e»en  at  70^*  of  N.  lat. ; 
hut  in  the  most  northern  parts,  boundleas  swamps,  varied  by  lake* 
both  of  salt  and  fresh  water,  cover  wide  portions  of  this  desolata 
country,  which  is  buried  under  snow  nine  or  ten  months  in  the 
year.  As  soon  as  the  snow  is  melted  by  the  returning  sun,  theae 
extensive  morasses  are  covered  with  coarse  grass,  sedges,  and 
msbes,  while  raoeses  and  lichens,  mixed  with  dwarf  willows,  clothe 
the  plains. 

In  NovaiaZemliaand  other  places  in  the  far  north  the  vegetation 
is  so  stunted  that  it  barely  covers  the  ground,  but  a  much  greater 
varietyof  minute  plants  of  considerable  beauty  arecrowded  together 
there  in  a  small  apace  than  in  the  Alpine  regions  of  Europe,  where 
the  same  genera  grow.  This  arises  from  the  diminutive  size  of  the 
v^tstion ;  for  In  the  Swiss  Alpo  the  same  plants  frequuiUj 
occupy  a  large  space,  eiclndiog  every  other  species.  In  the  renuito 
north,  on  the  contrary,  where  vitality  is  comparatively  feeble  and 
the  seeds  <lo  not  ripen,  30  different  spades  may  be  seen  crowded 
together  in  a  bright  green  mass,  no  one  having  strength  to  otti' 
come  the  rest.  In  such  frozen  climates  plants  may  be  said  to  live 
between  the  air  and  the  earth,  for  thoj  scarcely  rise  above  the  soil, 
and  tbuir  roots  creep  aloni^  the  surface,  bavin;;  scarcely  power  to 
enter  it.  All  the  woody  plants,  as  the  Tietula  nana,  the  reticulate- 
leaved  willow,  Andromeda  tetragons,  with  a  few  benj-bearing 
shniba,  trail  along  the  ground,  never  risiog  more  than  an  inch  <« 
two  above  it.  'I  he  Saltx  lanata,  the  giant  of  these  Arctic  finest*) 
never  grows  more  than  bve  inches  high,  while  its  stem,  10  or  12 
feet  long,  lies  hidden  among  the  moss,  owing  shelter  to  its  lowly 
neighbours. 

The  chief  characteristic  of  the  vegetation  of  the  Arctic  regions  is 
the  predominance  of  perennial  and  crypto^nmous  plants,  and  also 
the  sameness  of  its  nature ;  but  more  to  the  S.,  where  night  begins 
to  alternate  with  day,  a  difference  of  species  appears.  A  beautiful 
flora  adorns  these  latitudes  during  their  brief  but  bright  and  ardent 
summer,  consisting  of  jiotentillas,  gentians,  chichweuls,  saxifrages, 
ledums,  ranunculi,  drabos,  artemisisa,  claytoniaa,  and  many  morg. 
Such  is  the  power  of  the  sun,  and  the  consequent  rapidity  of  vegeta- 
tion, that  these  plant*  spring  up^  bloMom,  lipen  tb«irsmd,anid,diA, 
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in  a  few  weeks  :  in  a  lower  latitude  woody  plants  follow  these,  as 
berry-bearing  shrubs,  the  glaucous  kalmia,  the  trailing  azalea,  and 
rhododendrons. 

A  large  proportion  of  the  plants  found  by  Wormskiold  in  Kamt- 
chatka  are  European,  intermixed  with  many  which  are  purely 
American.  Few  European  trees  grow  in  Asiatic  Siberia,  notwith- 
standing the  similarity  of  climate,  and  most  of  them  disappear 
towards  the  rivers  Tobol  and  Irtish. 

In  Lapland  and  in  the  high  latitudes  of  Russia  large  tracts  are 
covered  with  birch-trees,  but  the  pine  and  fir  tribe  are  the  principal 
inhabitants  of  the  N.  Prodigious  forests  of  these  are  spread  over 
the  mountains  of  Norway  and  Sweden,  and  in  European  Russia 
200,000,000  acres  are  clothed  with  these  Coniferae  alone,  occasionally 
mixed  with  willows,  poplars,  and  alders.  Although  tracts  of  pure 
sand  and  limestone  are  absolutely  barren,  yet  the  soil  generally 
contains  enough  of  alkali  to  supply  the  wants  of  the  fir  and 
pine  tribe,  which  require  ten  times  less  than  oaks  and  other 
deciduous  trees. 

Social  plants  abound  in  many  parts  of  the  northern  temperate 
regions,  as  grass,  heath,  furze,  and  broom ;  the  steppes  are  an 
example  of  this  on  a  very  extensive  scale.  Both  in  Europe  and 
Asia  they  are  subject  to  a  rigorous  winter,  with  deep  snow  and 
chilling  blasts  of  wind :  and  as  the  soil  generally  consists  of  a  coating 
of  vegetable  mould  over  clay,  no  plants  with  deep  roots  thrive 
upon  them ;  hence  the  steppes  are  destitute  of  trees,  and  even 
bushes  are  rare  except  in  ravines ;  the  grass  is  thin,  but  nourishing. 
Hyacinths  and  some  other  bulbs,  mignonette,  asparagus,  liquorioe, 
and  wormwood,  grow  in  the  European  steppes ;  the  two  latter  are 
peculiarly  characteristic. 

Each  steppe  in  Siberia  has  its  own  association  of  plants ;  tbe 
Peplis  and  Camphoroema  are  peculiar  to  the  steppe  of  the  Irtish^ 
and  the  Amaryllis  tartarica  abounds  in  the  meadows  of  Eastern 
Siberia,  whose  vegetation  bears  a  great  analogy  to  that  of  North* 
western  America,  many  genera  and  species  being  common  to  both. 

The  Siberian  steppes  are  bounded  on  the  S.  by  great  forests  of 
pine,  birch,  and  willow ;  poplars,  elms,  and  Tartarian  maple  ovsr* 
hang  the  upper  courses  of  the  noble  rivers  which  fiow  from  the 
mountains  to  the  Frozen  Ocean ;  and  on  the  banks  of  the  Yenisd 
the  Pinus  Cembra,  or  Siberian  pine,  with  edible  seeds,  grows  120 
feet  high.  The  Altai  are  covered  in  some  parts  nearly  to  their 
summits  with  similar  forests,  but  on  their  greatest  heights  the 
stunted  larch  crawls  on  the  ground,  and  the  flora  is  like  that  of 
Northern  Siberia:  round  Lake  Baikal  the  Pinus  Cembra  grows 
nearly  to  the  snow-line. 

Forests  of  black  bircVi  axe  \^\]A^  ^Dauria>  where  there  are  ab» 
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apricot  and  apple  trees,  and  rhododendrons,  of  which  a  species  with 
yellow  blossoms  grows  in  thickets  on  the  hills.  Here  and  every- 
where else  throughout  Central  Asia  are  found  various  species  of 
Caragana,  a  genus  eminently  Siberian. 

The  elevated  mountain  mass  of  Tibet  has  the  character  of  grieat 
sterility,  and  the  climate  is  as  unpropitious  as  the  soil :  frost  begins 
early  in  September,  and  continues  with  little  interruption  till  May ; 
snow,  indeed,  in  some  parts,  falls  every  month  in  the  year,  though 
in  excessively  small  quantities,  owing  to  the  extreme  dryness  of  the 
climate.  The  air  is  always  dry,  because  moisture  falls  chiefly  in 
winter,  in  the  form  of  snow,  and  in  summer  it  is  quickly  evaporated 
by  the  intense  heat  of  the  sun.  The  thermometer  sometimes  rises 
to  144°  of  Fahrenheit,  and  even  in  winter  the  direct  rays  of  the 
sun  have  great  power  for  an  hour  or  two,  so  that  a  variation  of  100^ 
in  the  temperature  of  the  air  has  occurred  in  12  hours.  Notwith- 
standing these  disadvantages,  there  are  sheltered  spots,  heated  by 
radiation  from  the  dry  rocky  mountain  flanks,  which  produce  most 
of  the  European  grains  and  fruits,  the  vegetation  being  of  Siberian 
character,  and  the  species  to  a  considerable  extent  identical  The 
most  common  indigenous  plants  are  Tartarian  furze  (Caragana), 
and  various  prickly  shrubs  resembling  it — gooseberries,  currants, 
hyssop,  dog-rose,  dwarf  sow-thistle,  and  rhubarb.  Prangos,  an 
umbelliferous  plant,  with  abundant  foliage  is  peculiar  to  Ladak 
and  other  parts  of  Tibet.  Mr.  Moorcroft  says  it  is  so  nutritious, 
that  sheep  fed  on  it  become  fat  in  twenty  days.  There  are  three 
varieties  of  wheat,  three  of  barley,  and  two  of  buckwheat  culti- 
vated, as  also  are  maize  and  rice  together  with  pulses,  lucerne, 
lentils,  and  spinach.  Olives,  pears,  apples,  peaches,  apricots,  mul- 
berries, grapes,  currants,  and  melons  of  large  size  and  delicious 
flavour  are  produced  Cotton  of  valuable  quality  abounds,  and 
plants  on  which  silkworms  are  fed.  Owing  to  the  rudeness  of  the 
climate,  trees  are  not  numerous,  yet  on  the  lower  declivities  of 
some  mountains  there  are  poplars,  birch,  walnut,  willows,  juniper, 
hippophae,  and  Gerard's  pine,  whose  nuts  are  eaten.  Between 
Khotan  and  Aksu,  however,  there  exists  for  12  marches  a  forest  so 
deuso  that  travellers  are  said  to  have  been  lost  in  it. 

The  great  valley  of  Tartary  N.  of  Tibet  is  chiefly  occupied  by 
the  Qreat  Gobi  and  ether  deserts  of  sand,  with  chains  of  salt  lakes, 
and  grassy  steppes  near  the  mountains ;  but  of  the  flora  of  these 
regions  we  know  nothing. 

FLOHA  OF  BRITAIN  AND  OF   MIDDLE   AND  BOUTHEBN  EOROPK. 

§  3.  The  British  Islands  afford  an  excellent  illustration  of  distinct 
provinces  of  animals  and  plants,  and  also  of  their  migration  froiiL 
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other  oentres.  Professor  E.  Forbes  has  adopted  five  botanical 
districts,  the  plants  of  four  of 'which  are  restricted  to  limited  pro- 
vinces, whilst  those  of  the  fifth,  which  comprehends  the  great  mass 
of  British  plants,  are  everywhere.  All  of  these,  with  a  very  few 
doubtful  exceptions,  had  migrated  into  the  British  Islands  before 
the  latter  were  separated  from  the  continent.  The  first  flora,  which 
is  of  great  antiquity,  includes  that  of  the  mountain  districts  of  the 
W.  and  S.W.  of  Ireland,  and  is  similar  to  that  of  the  N.  and  W.  of 
Spain.  The  second  flora  is  that  of  the  S.  of  England  and  the  S.E. 
of  Ireland,  which  is  diflerent  from  that  in  all  other  parts  of  the 
British  Islands;  it  is  intimately  related  to  the  vegetation  of 
the  Channel  Islands  and  the  coast  of  France  opposite  to  them.  The 
third  flora  appears  in  the  S.W.  of  England,  where  the  chalk  plants 
prevail,  and  the  flora  is  like  that  on  the  adjacent  coast  of  France. 

The  tops  of  the  loftiest  British  mountains  form  the  fourth  clas8« 
and  are  the  focus  of  a  separate  flora,  which  is  the  same  with  that  in 
the  Scandinavian  Alps,  and  is  very  numerous.  Scotland,  Wales, 
and  a  part  of  Ireland  received  this  flora  when  they  were  groopB  of 
islands  in  the  Glacial  Sea,  and  some  few  individuals  grow  on  the 
summits  of  the  mountains  in  Cumberland.  The  rare  Eriocaulon  is 
found  in  the  Hebrides,  in  Connemara,  and  in  Northern  America, 
and  nowhere  else.  The  fifth,  of  more  recent  origin  than  the  Alpine' 
flora,  includes  all  the  ordinary  flowering  plants,  as  the  comimtt 
daisy  and  primrose,  hairy  ladies*<«mock,  upright  meadow  crowfoot, 
and  the  lesser  celandine,  together  with  our  common  trees  and 
shrubs ;  it  migrated  from  Germany  at  a  later  epoch,  but  still  before 
England  was  separated  from  the  continent  of  Europe  by  the  British 
Channel.  It  can  be  distinctly  traced  in  its  progress  across  the 
island,  but  the  migration  was  not  completed  till  after  Ireland  was 
separated  from  England  by  the  Irish  Channel  This  is  the  reason 
why  many  of  the  ordinary  English  plants,  mammals,  and  reptiles 
are  not  found  in  the  sister  island,  for  the  migration  of  animals  was 
simultaneous  with  that  of  plants,  and  took  place  between  the  last 
of  the  tertiary  periods  and  the  historical  epoch.  This  flora  extends 
also  over  a  great  part  of  the  continent.^ 

Deciduous  trees  are  the  chief  characteristic  of  the  temperate  sone 
of  the  whole  continent,  more  especially  of  middle  Europe.  Oaks, 
elms,  beech,  ash,  larch,  maple,  lime,  alder,  and  sycamore,  all  of 
which  lose  their  leaves  in  winter,  are  the  prevailing  trees,  occasioii* 
ally  mixed  with  social  pines  and  firs,  together  with  grass  pasturos 
and  extensive  heaths  in  some  places. 

Evergreen  trees  and  shrubs,  with  shining  leaves,  become  more 


^  The  British  flora  contains  at  least  8000  species,  of  which  about  1400 
art  flowering  plants. 
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frequent  in  the  southern  countries  of  Europe,  where  about  a  fourth 
part  of  the  woody  plants  never  entirely  lose  their  leaves.  The 
trees  and  shrubs  consist  chiefly  of  evergreen  oaks,  cypress,  horn- 
beam, sweet  chestnut,  laurel,  lauristinus,  walnut,  maple,  manna  or 
the  flowering  ash,  carob,  jujube,  juniper,  pistachios  (some  of  which 
yield  oily  nuts,  some  resin,  and  some  mastic),  arbutus,  myrtle, 
jessamine  (yellow  and  white),  and  various  pines,  as  the  Pinua 
maritima,  and  Pinus  pinea,  or  stone  pine,  which  forms  so  picturesque 
a  feature  in  the  landscape  of  southern  Europe.  The  most  prevalent 
herbaceous  plants  are  Compositas,  Grasses,  and  Caryophylleas,  as 
pinks,  Stellaria,  and  Arenarias ;  and  also  the  labiate  tribe,  mint, 
thyme,  rosemary,  lavender,  with  many  others,  all  remarkable  for 
their  aromatic  properties  and  their  love  of  dry  situations.  Many 
of  the  choicest  plants  and  flowers  which  adorn  the  gardens  and 
grounds  in  northern  Europe  are  indigenous  in  these  warmer  coun- 
tries :  the  anemone,  mignonette,  narcissus,  gladiolus,  iris,  asphodel, 
amaryllis,  carnation,  &c.  In  Spain,  Portugal,  Sicily,  and  the  other 
European  shores  of  the  Mediterranean,  tropical  families  begin  to 
appear  in  the  Aroide<^  plants  yielding  balsams,  oleander,  date  and 
palmetto  palms,  and  grasses  of  the  group  of  Panicum  or  millet, 
aloes  and  cactus.  In  this  zone  of  transition  there  are  six  herba^ 
ceous  for  one  woody  plant 


FLORA  OF  TEMPERATE  ASIA. 

§  4.  The  vegetation  of  Western  Asia  approaches  to  that  of 
Western  India  at  one  extremity  and  North  Africa  and  Eastern 
Europe  at  the  other.  Syria  and  Asia  Minor  form  a  region  of 
transition,  like  the  other  countries  on  the  Mediterranean,  where 
the  plants  of  the  temperate  and  tropical  zones  are  united.  We 
owe  many  of  our  best  fruits  and  sweetest  flowers  to  these  regioDflw 
The  cherry,  almond,  oleander,  syringa,  locust-tree,  &c.,  come  from 
Asia  Minor ;  the  walnut,  peach,  melon,  cucumber,  hyacinth,  ranun- 
culus, come  from  Persia ;  the  date-palm,  fig,  olive,  mulberry,  and 
damask-rose,  come  from  Syria  ;  the  vine  and  apricot  are  Armenian ; 
the  latter  is  cultivated  everywhere  in  middle  and  northern  Asia. 
The  tropical  forms  met  with  in  more  sheltered  places  are  the  sugar- 
cane, date,  and  palmetto  palms,  acacias,  Asclepias  gigantea,  and 
arborescent  Apocyneae.  The  singular  gorge  of  the  Jordan  valley 
presents  a  tropical  vegetation,  llie  papyrus,  now  extinct  in  Egypt, 
is  found  in  the  marshes  of  Merom ;  and  the  Zizyphus  spinachristi 
is  characteristic  of  the  whole  course  of  the  river.  The  **  Zukkum,** 
or  false  balm  of  Gilead,  the  osher  tree  of  Nubia  and  Abyssinia,  the 
henna  or  camphire,  and  the  Salvidora  persica  aboand.     The  floweta 
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are  of  Abyssinian,  sonth  Arabian,  and  some  of  Indian  typea.^  The 
Nelumbium  speciosum  grows  in  one  spot  five  miles  from  the  town 
of  Astracan,  and  nowhere  else  in  the  wide  domains  of  Russia ;  the 
leaves  of  this  beautiful  aquatic  plant  are  often  two  feet  broad,  and 
its  rose-coloured  flowers  are  very  fragrant.  It  is  also  a  native  of 
India,  where  it  is  held  sacred,  as  it  was  formerly  in  Egypt,  where 
it  is  said  to  be  extinct :  it  is  one  of  the  many  instances  of  a  plant 
growing  in  countries  far  apart. 

The  plains  of  Persia  are  covered  with  a  clayey,  sandy,  or  saline 
soil,  and  the  climate  is  very  dry ;  hence  vegetation  is  poor,  and 
consists  of  thorny  bushes,  acacias,  tamarisk,  jujube,  &c.  Foresta  of 
oak  cover  the  mountains  of  f^aristan,  but  the  date*palm  is  almost 
the  only  arborescent  produce  of  the  parched  shores  of  the  Arabian 
Gulf  and  of  the  oases  on  the  Persian  plains.  In  the  valleys,  which 
are  beautiful,  there  are  clumps  of  Oriental  plane  and  other  trees, 
hawthorn,  tree-roses,  and  many  of  the  odoriferous  shrubs  of  Arabia 
Felix. 

Afghanistan,  which  for  the  most  part  consists  of  a  mass  of  sterile 
mountains,  produces  in  its  valleys  the  seedless  pomegranate,  acacias, 
date-palms,  tamarisks,  &c.  The  valleys  of  the  Hindoo  Coosh  pre- 
sent clover,  thyme,  violets,  and  many  odoriferous  plants :  the 
greater  part  of  the  trees  in  the  mountains  are  of  European  genera. 

Hot,  arid  deserts  bound  India  on  the  west,  where  the  stunted  and 
scorched  vegetation  consists  of  tamarisks,  thorny  acacia,  deformed 
Euphorbias,  and  almost  leafless  thorny  trees.  Indian  forms  begin 
to  abound  east  of  the  Indus,  but  Syrian  and  Persian  genera  and 
species  accompany  these  as  far  east  as  Delhi. 

The  Himalaya  mountains  form  a  distinct  botanical  district.  Im- 
mediately below  the  snow-line  the  flora  consists  of  Arctic,  Siberian, 
Alpine,  European,  and  Caucasian  forms,  amongst  which  rhododen- 
drons and  andromedas  are  conspicuous.  Lower  down  European 
forms  become  universal,  though  the  species  are  Indian.  There  are 
extensive  forests  of  Conifene,  consisting  chiefly  of  Pinus  excelsa, 
Pinus  deodara,  and  Smithiana,  with  many  deciduous  forest  and 
fniit  trees  of  European  genera.  Here  the  scarlet  and  other  rhodo- 
dendrons grow  luxuriantly ;  walnuts,  numerous  species  of  oak, 
many  of  which  attain  a  great  size,  and  maples.  A  transition  from 
this  flora  to  a  tropical  vegetation  takes  place  between  the  altitudes 
of  4000  and  6000  feet.  On  the  hot  declivities  of  the  mountains, 
tropical  types,  as  Erythrina  and  Bombax  heptaphyllum,  are  commmi 
trees,  together  with  the  Sal-tree  (Shorea  robusta),  Dalbergia  and 
Cedrela,  a  genus  allied  to  mahogany.  The  flora  of  the  Punjab  is 
greatly  modified  by  the  circumstances  of  the  increase  of  cold  going 

>  ThBtram'ft  '  Naturtkl  HUtory  of  the  Bible.' 
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northward  or  upwards  in  the  hills,  and  also  of  the  greater  aridity 
towards  the  W.  and  towards  the  interior  of  the  hills.  Distance 
from  the  hills  also  increases  aridity,  and  the  most  arid  part  of  the 
plains  of  the  Punjab  is  probably  near,  and  to  the  W.  of,  Multan, 
where  the  unusual  rainfall  is  reckoned  by  fractions  of  an  inch. 
The  aridity  lessens  the  amount  of  the  vegetation,  and  modifies  its 
nature.  In  passing  from  the  outer  and  middle  ranges  of  the  Hima- 
laya into  the  semi-Tibetan  tracts  of  the  Upper  8utlej  and  Upper 
Chenab,  this  is  very  evident ;  and  in  Ladiik,  where  great  elevation 
is  added  to  intense  dryness,  trees  are  almost  unknown  and  shrabs 
rare,  the  herbaceous  plants  are  widely  different  from  those  growing 
in  the  outer  hills.  Ferns,  orchids,  and  balsams  are  extremely  rare 
in  the  Punjab.* 

It  is  remarkable  that  Indian,  European,  American  and  Chinese 
forms  are  united  in  the  above-mentioned  zone  of  transition,  though 
the  distinctness  of  species  still  obtains  :  the  Triosteum,  a  genus  of 
the  honeysuckle  tribe,  is  American ;  the  Abelia,  another  genus  of 
the  same  tribe,  together  with  Camellia  and  others,  are  peculiarly 
Chinese :  the  wild  thyme  is  European. 

The  temperate  regions  of  Eastern  Asia,  including  Mongolia  and 
Manchuria,  Northern  China,  and  Japan,  have  a  vegetation  totally 
different  from  that  of  any  other  part  of  the  globe  similarly  situated, 
but  closely  allied  to  the  temperate  Himalayan,  and  show  in  a  strong 
point  of  view  the  distinct  character  which  vegetation  assumes  in 
different  longitudes.  In  Manchuria  and  the  vast  mountain-chains 
that  slope  from  the  eastern  extremity  of  the  high  Tartarian  table- 
land to  the  fertile  plains  in  China,  the  plants  are  generally  of 
European  genera,  but  Asiatic  species ;  in  these  countries  the  buck- 
thorn and  honeysuckle  tribes  are  so  numerous  as  to  give  a  peculiar 
character  to  the  vegetation.  Mixed  with  these  and  with  roses  are 
thickets  of  azaleas  covered  with  blossoms  of  dazzling  brightness 
and  beauty. 

The  transition  zone  in  this  country  lies  between  the  35th  and 
27th  parallels  of  north  latitude,  in  which  the  tropical  flora  is  mixed 
with  that  of  the  northern  provinces.  The  prevailing  plants  on  the 
Chinese  low  grounds  are  Glycine,  Hydrangea,  the  camphor  laurel, 
Stillingia  sebifera  or  wax-tree,  Clerodendron,  Hibiscus  rosa-sinensis, 
Thuja  orientalis,  Olea  fragrans,  the  sweet  blossoms  of  which  are 
mixed  with  the  finer  teas  to  give  them  flavour;  Melia  azedarach, 
or  Indian  pride,  the  paper  mulberry,  and  others  of  the  genus,  and 
Camellia  sasanqua,  which  covers  hills  in  the  province  of  Kiang- 
si.  The  tea-plant  and  other  species  of  Camellia,  grow  in  many 
parts ;  the  finest  tea  is  the  produce  of  a  low  range  of  hills  between 


1  Stewart's  '  Punjab  Plants.' 
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the  33rd  and  25th  parallels,  an  offset  from  the  great  chain  of 
PeUng.' 

The  climate  of  southern  Japan  is  milder  than  its  latitude  would 
indicate,  owing  to  the  influence  of  the  surrounding  ocean.  European 
forms  prevail  in  the  high  lands,  as  they  do  generally  throughout 
the  mountains  of  Asia  and  the  Indian  Archipelago,  with  a  difference 
of  species.  The  Japanese  flora  is  similar  to  the  Chinese,  and 
contains  numerous  American  plants,  hesides  others  of  Indian  and 
tropical  climates.  These  islands,  nevertheless,  have  their  own 
peculiar  flora.  Many  tropical  plants  mingle  with  the  vegetation  (A 
the  Southern  Islands. 


'  Thea  viridis  and  bohea  are  possibly  only  varieties  of  the  same  plant ; 
the  black  tea  is  a  more  robust,  the  green  a  more  delicate  plant.  The 
quality  of  the  tea  depends  upon  the  stage  of  growth  at  which  it  ia 
gathered ;  early  leaves  make  the  best  tea ;  those  picked  late  in  the  aeaaoii 
give  a  very  coarse  tea.  Bohea  grows  in  the  province  of  Fo-kien,  hyson  in 
Song-lo.  Pekoe,  or  pak-ho,  which  means  *^  white  down  "  in  Chinese,  con- 
sists of  the  flrst  downy  spronts  or  leaf-bnds  of  three-years-old  plants.  A 
very  costly  tea  of  this  kind,  never  brought  to  Europe,  and  known  as  th« 
tea  of  the  Wells  of  the  Dragon,  is  used  only  by  persons  of  the  highest  rank 
in  China.  The  true  Imperial  tea  also,  called  Flos  these,  which  is  not,  m 
was  supposed,  the  flower-buds,  but  merely  a  very  superior  quality  of  tea, 
seldom  reaches  Europe;  that  sold  under  this  name  is  really  Chusan  tea 
flavoured  with  blossoms  of  Olea  fragrans.  The  Chinese  keep  tea  a  year 
before  they  use  it,  because  fresh  tea  has  an  intoxicating  quality  whic^ 
produces  disturbance  of  the  nervous  system.  It  is  a  remarkable  circniOf 
stance  that  tea  and  coffee,  belonging  to  different  families,  natives  of  different 
quarters  of  the  globe,  should  possess  the  same  principle — theine  and  caffeine 
are  in  most  respects  identical — and  it  is  not  less  remarkable  that  their 
application  to  the  same  use  should  have  been  so  early  discovered  by  nuuL 
Tea  was  first  brought  to  Europe  by  the  Dutch  in  16i0 ;  a  small  quantity 
came  to  England  in  1666,  and  now  the  annual  consumption  of  tea  in  Great 
Britain  is  upwards  of  50,000,000  of  poimds. — Davis*  *  China.' 

The  tea-plant  grows  naturally  in  Japan  and  Upper  Assam :  it  is  hardy 
and  possesses  great  power  of  adaptation  to  climate.  It  has  lately  been 
cultivated  in  Brazil  and  in  Algiers,  at  an  expense  which  renders  it  un- 
profitable ;  but  it  is  already  very  remunerative  in  Assam  and  throughout 
the  Himalaya,  especially  in  the  Kangra  Valley,  in  the  upper  part  of  the 
basin  of  the  Bias.  Tea  comes  to  Europe  almost  exclusively  from  China, 
but  the  plant  thrives  so  well  in  the  north-western  provinces  of  India  that 
the  English  will  ultimately  compete  with  the  Chinese  in  producing  it, 
especially  for  the  Tibet  market.  In  1869,  Mr.  Shaw  penetrated  to  Tar- 
kand,  carrying  Kangra  tea. 

The  plants  with  which  the  Chinese  give  flavour  to  tea  are  the  Olea 
fhigrans,  Chloranthus  inconspicuus,  Gardenia  fiorida,  Aglaia  odorata,  Ja»- 
minum  sambac,  Vitex  spicata,  Camellia  sasanqua  and  odorifera,  Illicivm 
anisatum,  Magnolia  yulan,  Rosa  indica,  turmeric,  oil  of  Bixa  orellaoa,  and 
the  root  of  the  Florentine  iris. 
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CHAPTER   XXVII. 


VEGETATION — continued. 

§  1.  Flora  of  the   Indo-Chinese  Peninsula,  and  the  Indian  Archipelago. 

§  2.  Indian  flora.     §  3.  Arabian  flora. 

§  1.  Tropical  Asia  is  divided  by  nature  into  three  distinct  botanical 
regions:  the  Malayan  peninsula,  with  the  Indian  Archipelago; 
India  south  of  the  Himalaya,  with  the  island  of  Ceylon;  and  the 
Arabian  peninsula.  The  two  former  have  strong  points  of  resem- 
blance, though  their  floras  are  peculiar. 

FLORA  OF  THE   INDO-CHINESE  PENINSULA   A5D  THB  INDIAN 

ARCHIPELAGO. 

Many  of  the  vegetable  productions  of  the  peninsula  beyond  the 
Ganges  are  the  same  with  those  of  other  patts  of  India,  mixed  with 
the  plants  of  the  Indian  Archipelago,  so  that  this  country  is  s 
region  of  transition,  though  it  has  also  a  splendid  vegetation  of 
peculiar  productions,  dyes  of  the  most  vivid  hues,  spices,  medicinal 
plants,  and  many  with  the  sweetest  perfume.  The  soil  in  many 
places  yields  three  crops  in  the  year :  the  fruits  of  India,  and  most 
of  those  of  China,  come  to  perfection  in  the  low  lands.  Various 
palms  adorn  the  Malayan  peninsula :  of  these  the  Arang  is  eminently 
characteristic  of  that  country ;  it  is  an  ugly  plant,  whose  stem  is 
covered  with  black  fibres  like  horsehair,  sufficiently  strong  to  make 
cordage.  It  is  cultivated  for  the  sugar  and  wine  made  from  its 
juice.  Teak  is  plentiful ;  almost  all  that  is  used  in  Bengal  comes 
from  the  Birman  empire,  though  it  is  less  durable  than  that  of  the 
Malabar  coast.  The  Hopea  odorata  is  so  large  that  a  canoe  is  made 
of  a  single  trunk ;  the  Qordonia  integrifolia  is  held  in  such  venera- 
tion that  every  Birman  house  has  a  beam  of  it. 

There  are  many  species  of  native  oak  in  the  forests :  the  Mimosa 
catechu,  which  furnishes  the  terra  ja]M)nica ;  the  trees  which  produce 
varnish  and  stick-lac ;  the  Glyphyria  nitida,  a  myrtle,  the  leaves  of 
which  are  used  as  tea  in  Bencoolen,  called  by  the  natives  the  tree 
of  long  life.  The  coasts  are  wooded  by  mangroves,  casuarina,  and 
the  Ueritiera  robusta,  a  large  tree  which  thrives  within  tesck  <il 
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tbe  tido ;  barabooa  with  items  s  foot  and  a  half  in  diameter  gmw  in 
densu  thickets  in  the  luw  luods,  llie  ralmjra  polro  aad  tbe 
BurasauH  llabuliifurmia  grow  ia  ti\t<m£ive  grovea  in  tbe  valley  of 
the  Irrawaddy :  the  latter  ia  a  ma;;iiifioent  tree,  often  100  ft,  high, 
remarluble  for  it*  gigantic  leaveti,  one  of  which  would  shelter  12 

The  anomalons  family  of  the  Cycode^e,  somewbat  like  palma  with 
large  [Hiinuled  loaves,  is  found  here  and  in  tropical  India.  Orcbid«B 
and  trce-fems  are  innumerable  iii  tbe  woody  diMricts  of  the  penin- 

The  vegetation  of  the  Indian  archipelago  is  gorgeone  beyond 
description ;  although  it  bears  a  itrong  affinity  to  that  of  tfaa 
HalaysQ  peuinaula,  tropical  India,  and  Ceytoo.  The  height  of  the 
mountains  causes  variety  in  the  temperature  sufficient  to  admit  of  the 
growth  of  dammar  pines,  oaks,  rhododendrons,  roagnolias,  maple«, 
boDeyauckles,  vacciniums.  and  other  European  orders  of  woody  and 
herbaceous  plants;  yet  they  liave  scarcely  una  species  in  common 
with  Europe. 

Palm-trees  are  more  abundant  in  these  islands  than  in  any  other 
port  of  tbe  world,  except  tropical  America,  where  the  species  exial 
in  such  great  nnmber  and  diversity.  Three  species  of  Areca,  attun- 
ing a  height  of  more  than  40  or  50  feet,  are  cultivated  In  all 
the  hot  ports  of  India ;  and  Coryota  urens  (tbe  fruit  nf  which  ia 
acrid,  although  the  sapyields  wine  and  sugar)  is  itlso  a  native,  llie 
attempt  is  vain  to  specify  tbe  multitudes  of  these  graveful  tre«a, 
which  form  so  characteristic  a  feature  in  the  v^etation  of  these 
tropical  islands,  tvhere  a  rich  moist  soil  with  intense  heat  biiogi 
them  U>  such  perfection. 

Jungle  and  dense  woods  entirely  cover  the  smaller  islands  and 
the  pbins  of  the  larger ;  the  coasts  are  Uned  with  thickets  of  man* 
groves,  a  matted  vegetation  of  forest-trees,  bamboos,  and  coane 
grass,  entwined  with  climbing  and  creeping  planlfi,  and  overgrown 
by  orchideous  parasites  in  myriads  :  tbe  gutta-percha  is  also  it 
native  of  these  alluvial  tracts.  The  forest-trees  of  the  Indian 
Archipel^o  are  extremely  numerous;  t«ak  and  many  of  the  con* 
tinental  trees  grow  there,  but  tbe  greater  number  are  peculiarly 
their  own.  Tbe  naturalist  Rumphius  bad  a  cabinet  inlaid  with 
400  kinds  of  wood,  the  produce  of  Amboyna  and  the  Moluccft 
Islands. 

Bomeiiand  theadjateut  islands  are  the  region  of  the  Dryobnlanops 
caniphoro,  in  the  stems  of  which  beautiful  amber-coloured  urystals 
of  a  remarkable  and  costly  kind  of  camphor  are  found,  lliere  ore 
Uiickela  of  the  Pandanus  or  screw-pine,  a  plant  resembling  h 
gigantic  pine-apple. 

This  ia  the  region  of  tpicea,  which  ore  very  limited  in  tbeir 
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diBtribution  :  tbe  MyristlcB  lUoicbaU  (tho  Dutmeg  uid  mactv-pUnl) 
JH  confined  to  the  Band*  Liland»,  but  it  it  said  to  have  been  die- 
ooversd  lately  in  New  Guinea.  I'he  Amboyna  and  tbe  Molucca 
groaps  are  tba  focus  of  the  Caryopbylius  aroiuaticua,  a  myrtle,  tbe 
liowor-budB  of  which  are  knowu  as  cloTes.  Various  specleH  of 
ciimamon  and  cassia,  both  of  the  laurel  tribe,  togutbor  with  pei^re, 
grow  ID  this  archipelago.  All  the  peppei^plonts  require  great  heat ; 
the  commoD  black  pepper  is  peculiar  to  the  hottest  ptuU  of  Asia, 
extending  only  a  few  decrees  on  each  side  of  tbe  equator.  Some  of 
the  moat  excellent  fruits  are  indigenous  here  only,  as  the  durian, 
the  ayer-ayer,  loqust,  tbe  cbospu  of  the  Moluccas,  peculiar  kinds  of 
orange,  lemon,  and  citron,  with  others  kDnwn  only  by  name  else- 
where, especially  the  manjosteen.  which  is  almost  jieculiar.  'i'hoee 
common  to  the  continent  of  India  are  tbe  jambose  or  luse-ajiple, 
jack,  piuo-apple,  mao^,  and  llie  bauana. 

Urare  tlie  nettle  tribe  assume  the  most  pemtcioua  character,  as 
tbe  upas-tree  of  Java,  one  of  the  most  deadly  vegetable  poisons: 
and  even  tbe  plants  resembling  our  common  nettle  are  8u  acrid  that 
tbe  sting  of  one  in  Java  occasions  not  only  pain  but  illness  which 
lastii  for  ilays.  A  nettle  in  the  island  of  Timor,  called  by  the 
nstivee  the  ■  Dovirs  leaf,'  is  so  poisonous  that  it  produces  long  ill- 
ness and  even  death.  Tbe  chelik,  a  sbrub  ((rowing  in  the  denae 
foreats,  prodticc*  a  poison  even  more  deadly  than  tbe  upas.  Some 
of  the  fig  genus,  which  is  allied  to  the  natural  order  of  nettles, 
bare  acrid  juices. 

Sir  Stamford  Hafflea  describes  the  vegetation  of  Jiiva  as  "  fearful" 
In  some  of  these  forests  tbe  air  is  heavy,  charged  with  dank  and 
deadly  vapours,  rarely  agitated  by  a  breath  of  wind;  the  soil,  of 
the  deepest  black  v^etable   mould,  always   moist  and  clamuiy, 
stimulated  by  the  fervid  beat  of  a  tropical  tan,  producea  trees  whose 
■tents  are  of  a  spongy  taitnre  from  their  rapid  growth,  and  lotided 
with  parasites,  particularly  the   orchidaceous   tribes.      IVee-ferrw 
fonn  a  larice  purtion  of  the  vegetation  of  Java  and  all  these  islands. 
The  Hafflesias,  of  which  there  are  fonr  species,  are  the  most  sin- 
gular productions  of  tbts  archipelago.    Ite  nioHt  extraordinary  one 
was  discovered  in  Sumatra  by  Dr.  Arnold,  and  is  therefore  called 
fiaffleaia  Amoldi.     It  is  a  parasitical  plant,  consisting  of  nothing 
^^        but  a  flower,  which  vegetates  in  the  prostrate  stems  of  a  gi<:antic 
^^L      Tine.     Its  buds  are  the  size  of  an  ordinary  cabbage,  and  tbe  flower, 
^^1      which  smells  of  carrion,  is  of  a  brick-red  colour,  three-and-a  ' 
^^1      feet  in  diwueter.     It  weighs  15  pounds,  and  the  cup  in  its  centre 
^H      could  contain  12  pants  of  liquid. 

^H  According  to  Sir  Slauifoid  Raffles  there  are  six  distinct  climatca 

^H      in  Java,  from  the  top  of  the  mountains  to  the  sea,  each  having 
^^K     an  astetuiiva  indigenous  v^ctation.    Nu  other  country  can  show  an 
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■K,  ahnba,  aoil^H 
ndBQt   as    tba^l 


cqiml  abundanco  and  variotf  of  native  frait  and  ewuleot  v«k«u1 
There  arc  100  vohatica  of  rice ;  and  of  frngmnl  flutvcra,  ahnba, 
ornamental  tfeas  the  number  is  inttnito.  Abundant  as 
Orcliidacex  are  in  Java,  C«ylon,  and  the  liumieso  em[nre, 
countries  poesaia  Tery  few  that  are  common  to  them  all,  lo  loe»l  U 
their  distributiun.  Ferns  are  more  plentiful  in  ilih  Bichipelago 
than  elsewhere ;  tree-ferns  are  found  chiully  between 
tropics,  in  damp  places. 


$  2.  The  pbins  of  Hindost«n  are  so  completely  sheltered  from  Um  ~~~^ 
Siberian  bliuta  b;  the  high  mountain  ranges  of  Tartary  and  tiie 
Himalaya,  and  heated  and  watered  by  the  monsoons,  that  llie 
vc^etatJKQ  at  the  foot  of  that  range  already  asdumes  a  tropca] 
character.  In  the  jungles  and  lower  ridges  of  the  fertile  valleyi  of 
the  central  and  eadteni  Himalaya,  and  in  the  dark  recesses  of  the 
Silhet  and  Malabar  foi«sta,  arborescent  feme  and  orchidaooous  plants 
■re  found  in  a  profusion  scarcely  surpassed  even  in  the  iilanda  of 
the  Indian  an:hi)jelago.  The  Kliasya  mouutaius.  S.  ot  Aseam,  m 
the  eastern  extremity  of  Bengal,  present  one  of  the  moat  varied  ai 
luxuriant  vegetations  on  the  itlube. 

The  native  fruiU  of  India  are  many:  the  orange  tribe  is  al 
exclosivoly  of  Indian  or^an,  though  some  of  the  tpcciea  are  n 
widely  spread  over  the  warmer  parts  of  the  four  cont 
vine  grows  wild  in  the  forwU ;  plantain,  banana,  mango,  date,  ai 
palmyra,  and  coco-nut  palms  are  all  Indian.     1'he  Scitaminete,  ot 
ginger  tribe,  arc  so  nuroerouK  that  they  form  a  distinguishing  and 
beautiful  feature  of  Indian  botany ;  they  [troduce  ginger,  cardomums, 
and  turmeric.     The  flowers  peculiar  to  India  are  brilliant  in  colour. 

Trees  of  the  fig  tribe  are  aniong  the  most  remarkable  vegetable 
prud^ictions  of  India  for  gigantic  size  and  peculiarity  of  farm,  and 
they  are  most  valuable  in  a  liot  climate  Ironi  the  shade  which  their 
broad- spreading  tops  afford.  Some  throw  off  shoota  from  their 
branches,  which  take  root  on  reaching  the  ground,  and,  after  in- 
creasing in  girth  with  wonderful  rapidity,  become  themaclvee  Inde- 
pendent trunks ;  and  this  procesg  is  continued  till  a  forest  is  fonntid 
round  the  jjarent  tree.  Mr.  Keinwardt  saw  in  the  island  of  Simau 
a  large  wood  of  the  Ficus  fienjamini  which  8)irang  from  one  stem. 
The  Ficus  Indicus,  or  banyan-tree,  is  another  instance  of  this  wide- 
epresding  growth  ;  there  is  a  Tree  of  it  on  Ilie  banks  of  the  Ner. 
budda,  in  the  province  of  Gu^icrat,  with  tl50  main  sterna,  oocnpying 
an  area  of  2000  feet  in  olroumferenoe,  indcpeiulent  of  its  branohcM, 
which  extend  mnch  farther.     The  baiuuia  is  a  generally  useful  troe 

'  lia ;  iu  fruit  i«  food,  ila  leaves  are  applied  to  man;  d 
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parposes,  and  flax  Gt  for  making  muslin  ie  obtained  from  its  stem. 
Cotton  is  a  hairy  covering  of  the  seeds  of  several  species  of  the 
mallow  tribe  which  grow  spoDtaueously  in  tropical  Asia,  Africa, 
and  Americai;  it  is,  however,  cultivated  in  many  countries  beyond 
these  limits.  That  grown  in  China  and  the  States  of  North  America 
is  Bu  herbaceous  annual  from  18  inches  to  tivo  feet  high  ;  there  are 
also  cotton-treca,  native  and  cultivated,  in  India,  China,  Africa,  and 
America.  Herodotus  mentions  cotton  garments  415  years  before 
the  Christian  era,  and  the  Mexicans  and  Peruvians  manufactured 
cotton  cloth  before  the  discovery  of  America. 

Palms,  the  moat  stately  and  graceful  of  the  vegetable  productions 
of  tropical  regions,  are  abundant  in  India,  in  forests,  in  groups,  and 
in  single  trees.  The  stems  of  some  are  of  gigantic  size,  and  all  are 
beautil'iil,  varying  in  len^^th  from  the  slender  Calamus,  130  feet 
long,  to  the  Pbcenix  acaulis,  not  more  than  three  feet  high.  Dif- 
ferent s|"ocies  yield  wine,  oil,  wax,  flour,  sugar,  thread,  and  rope  j 
wcajxms  and  utensils  are  made  of  their  stems  and  leaves ;  they 
serve  fur  the  construction  of  houses ;  the  coco-nut  palm  gives  food 
und  drink. 

Though  palms  in  general  are  very  limited  in  their  distribution, 
a  few  sjiecies  are  very  widely  spread ;  for  example,  the  coco-nut 
palm  is  found  in  all  the  tropical  r^ons  of  the  globe,  where  it  has 
been  eitensively  cultivated  from  its  usefulness.  Their  growth  in 
Ceylon  is  extremely  luxuriant.  In  parts  of  that  island,  on  the 
Malabar  and  Coromandel  coasts,  and  in  some  districts  of  Bengal,  the 
Borasaus  flabelUformis  supplies  its  place. 

The  island  of  Ceylon,  which  may  bo  regarded  as  the  southommoet 
extremity  of  the  Indian  peninsula,  is  very  mountainous,  and  in 
luxuriance  of  vegetable  productions  rivals  the  islands  of  the  Indian 
archipelago,  with  the  vegetation  of  which  its  own  has  the  strongest 
affinity.  The  species  of  laurel,  the  bark  of  which  is  cinnamon,  is 
indi;{cnouB,  and  is  one  of  the  principal  sources  of  the  revenue  of 
Ceylon.  The  leaves  of  a  sjiccies  of  palm,  the  talipot,  are  of  enor- 
mous size,  and  are  applied  ta  many  uses  by  the  Cingalese :  in 
ancient  times  strips  of  the  leaf  were  written  upon  with  a  sharp 
style,  and  served  as  books.  The  sandal-wood  of  Ceylon  is  of  a 
dill'ereut  species  from  that  of  the  South  Sea  islands,  and  its  perfume 
more  esteemed.  Themountaina  produce  a  great  variety  of  beautiful 
woods  used  in  cabinet  work. 


VEQETATION. 

§  3.  The  third  division  of  the  tropical  flora  of  Asia  is  the  Ambian, 
which  differs  widely  from  the  other  two,  and  ia  chiefly  marked  by 
shrubs  yielding  balsams.     Oceans  of  barren  Band  ext^  to  tLa%., 
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from  Sjrria  through  the  greater  part  of  Arabia,  varied  only  by 
occasional  oases  in  those  spots  where  a  spring  of  water  has  reached 
the  surface ;  there  the  prevalent  vegetation  consists  of  grasses, 
growing  under  the  shade  of  date-palms ;  acacias  and  stunted  prickly 
bushes  appear  here  and  there  in  the  sand.  There  is  verdure  on  the 
mountains,  and  along  some  of  the  coasts,  especiaUy  in  the  province 
of  Yemen,  which  has  a  flora  of  its  own.  Eight  species  of  figs,  three 
species  of  amyris  or  balm  of  Gilead,  opobalsamum  also  yielding 
balsam,  and  the  kataf,  from  which  myrrh  is  supjwsed  to  come,  are 
found  in  Arabia.  Frankincense  is  said  to  be  the  produce  of  the 
Boswellia  serrata ;  and  there  are  many  si)ecies  of  Acacia,  among 
others  the  Acacia  arabica,  which  produces  gum  arabic.  The  chief 
characteristics  of  the  Arabian  flora,  as  distinguishing  it  from  the 
Indian  and  Persian,  are  many  species  and  genera  of  Abyssinian 
plants,  among  which  are  found  stapelias  and  other  representatives 
of  the  Cape  of  Good  Hope  flora. 

Arabia  produces  coffee,  which,  however,  is  not  indigenous,  but  is 
supposed  to  have  come  from  the  mountains  of  Abyssinia,  and  to 
have  its  name  from  the  province  of  Kaffa,  where  it  is  said  to  form 
dense  thickets.  It  was  introduced  into  Arabia  at  the  end  of  the 
I5th  century,  and  grows  luxuriantly  in  Arabia  Felix,  where  the 
coffee  is  of  the  highest  flavour.  Most  of  that  now  used  is  the  pro- 
geny of  plants  raised  from  seed  brought  from  Mocha  to  the  Botanic 
Grarden  at  Amsterdam  in  1960,  by  Van  Hoom,  Governor  of  Batavia. 
A  plant  was  sent  to  Louis  XIV.,  in  1714,  by  the  magistrates  of 
Amsterdam — it  was  from  this  plant  that  the  first  coffee-plants  were 
introduced  in  1717  into  the  West  India  islands.  A  year  afterwards 
the  Dutch  introduced  coffee-trees  into  Surinam,  whence  they  spread 
rapidly  over  the  warm  parts  of  America  and  the  West  India  islands. 
Many  thousands  of  jieople  are  now  employed  in  its  cultivation 
there,  in  Demerara,  Java,  Manilla,  the  isle  of  Bourbon,  and  other 
places.  Coffee  was  not  known  till  many  centuries  after  the  intro- 
duction of  sugar.  The  first  coffee-house  was  opened  in  London  in 
1652,  and  the  first  in  France,  at  Marseilles,  1671. 
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CHAPTER  XXVIII. 

VEGETATION  — COfi  tin  vtd. 


§  1.  The  iiurthem  const  of  Africa,  and  tiic  ran^e  of  the  Atlas  fga^- 
rally,  iiiuy  be  regariled  as  a  zone  uf  transitiuD,  where  the  ]>laDta  uf 
soutliern  Euroiie  and  tropica!  Africa  are  mingled  with  those  i>eculiaT 
ti>  tlic  cuuiitry.  The  majority  of  the  plants  of  northern  Africa  are 
also  found  in  the  other  eouutrieii  on  the  aliores  of  the  tleditcrranean. 
Of  60  trees  and  248  slirubs  nhicli  ^w  there,  100  only  are  poculinr 
to  Africa,  and  about  IS  uf  these  belong  to  its  tropical  flora.  There 
are  about  nix  times  as  many  iierbaceoua  plants  as  there  are  tree« 
anil  shrubs ;  and  in  the  Atlas  inoiintaius,  as  in  other  chains,  the 
petcnniiil  [ihtiits  arc  niucb  more  niutieruus  than  anuuaU.  Evergreens 
predominate,  and  are  the  sanie  as  those  on  the  other  shores  of  the 
Muditerrnncan.  The  [■imegrauate,  the  locust-tree,  the  oleander, 
and  the  palmetto  abound  ;  aud  Uie  cUtus  tribe  give  a  peculmr  cha- 
racter to  tlie  flora.  The  samlamch,  or  Callitris  articulata,  peculiar 
to  the  nortlirm  side  of  thu  Atlas  mountains  and  to  Cyrenaica,  yieldn 
cloKe-grained  hanl  timber,  used  for  the  ceiling  of  mosques,  'i'he 
Atlas  ]>roduces  seven  or  ei^ht  sjtccics  of  oak,  and  various  pines, 
esiiccially  the  I'inus  maritiuia;  and  forests  of  the  Ale]>[io  pine  are 
found  in  Algeria,  The  sweet-sec utii)  arborc.icent  heath  and  Erica 
HcoiHiria  are  native  here,  also  in  the  Canary  Islands  and  the  Azores. 
There  are  .')34  ]<h>uierogauioUB  plants  iu  the  Canary  Islands;  of 
these  310  arc  indigenous,  the  rest  African ;  the  I'luus  cauarienaia  is 
|)ecDliar,  and  also  the  Dracaena  draco,  which  grows  in  perfection 
hem.  The  stem  of  the  great  dracwiia  mentioned  by  Humboldt,  nt 
the  Villa  Orotava  in  Tvnerid'e,  measures  46  feet  iu  circumference  at 
the  base  of  the  ta-c,  which  is  7.")  feet  hijih.  It  is  known  to  have 
been  an  object  of  great  antiquity  in  the  year  1402,  and  is  still  alive, 
bearing  hlossoms  and  fruits.  Though  the  group  of  the  Canaries 
has  plants  in  common  with  Spain,  Portugal,  Africa,  and  the  Azores, 
yet  there  art  many  s[iecies,  .iiid  even  genera,  which  are  found  in 
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them  only  ;  and  the  height  of  the  mountains  causes  much  variety 
in  the  vegetation. 

On  the  continent  S.  of  the  Atlas  a  great  change  of  soil  and 
climate  takes  place ;  the  drought  on  the  borders  of  the  desert  is  so 
excessive  that  no  trees  can  resist  it ;  rain  hardly  ever  falls,  and  the 
scorching  blasts  from  the  S.  speedily  dry  up  any  moisture  that  may 
exist ;  at  the  base  of  the  mountains,  however,  the  date-jmlm  forma 
large  forests,  which  supply  the  inhabitants  with  food,  and  give 
shelter  to  crojjs  which  could  not  otlierwise  grow.  The  date-palm, 
each  tree  of  which  yields  from  150  to  160  pounds  weight  of  fruit, 
grows  naturally,  and  is  also  cultivated,  through  northern  Africa.^  It 
has  been  carried  to  the  Canary  Islands,  Arabia,  the  Persian  Gul^ 
and  to  Nice.  Stunted  plants  are  the  only  produce  of  the  desert,  yet 
large  tracts  are  covered  with  the  Pennisetum  dichotomum,  a  harsh 
grass,  which,  together  with  the  Alhagi  maurorum,  is  a  great  source 
of  the  food  of  camels. 

The  commoner  plants  of  Egypt  are  acacias,  cassias,  tamarisks, 
Nymi)ha»a  lotus,  and  caenilea ;  also  the  zizy})hu8  or  jujube,  and  various 
mesembryanthemums.  The  date-palm  is  found  higher  up  the  Nile 
than  'ITiebes ;  it  aftenvards  gives  place  to  the  d6m-i)alm,  or  Crucifera 
Thebaica,  i)eculiar  to  this  district,  and  singular  as  being  one  of  the 
few  jjalms  that  have  a  branched  stem. 

Tiie  vegetation  of  western  tropical  Africa  is  best  known  along  the 
coast,  where  some  affinity  with  that  of  India  may  be  observed.  It 
presents  a  remarkable  uniformity,  not  only  in  orders  and  genera,  but 
even  in  species,  from  the  16th  degree  of  N.  lat.  to  the  river  Congo 
in  6°  S.  lat.  The  most  prevalent  orders  are  the  grasses  and  Legu- 
minosse,  the  Cyixjraceae,  Kubiaceas,  and  Compositfe.  The  Adansonia, 
or  baobab  of  Senegal,  is  one  of  the  most  extraordinary  vegetable 
productions ;  the  stem  is  sometimes  34  feet  in  diameter,  though  the 
tree  is  rarely  more  than  50  or  60  feet  high ;  it  covers  the  plains  so 
entirely  with  its  umbrella-shaped  top,  that  a  forest  of  these  trees 
presents  a  compact  surface,  which  at  some  distance  seems  to  be  a 
green  field.  Ca^^e  Verd  has  its  name  from  the  numbers  that  conceal 
the  barren  soil  under  their  spreading  tops ;  some  of  them  from  their 
size  were  supjwsed  to  be  the  most  ancient  vegetable  inhabitants  of 
the  earth ;  but  their  wood  is  so  soft  that  this  is  very  improbable. 
Tlie  Pandanus  candelabrum,  instead  of  growing  crowded  together  in 
masses  like  the  baobab,  stands  solitary  on  the  equatorial  plains, 
with  its  lofty  forked  branches  ending  in  tufts  of  long  stiff  leaves. 


*  The  best  dates  are  those  grown  near  Tuzzer  in  the  Beled  el  Jerid,  in 
lat.  34°  N.,  a  region  which,  like  that  of  Jericho,  once  celebrated  for  its 
dated,  has  an  extremely  wai*m  climate,  supposed  to  be  owing  to  iU  depres- 
sion below  the  sea^level. 
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Numerous  aodges  pve  a  chanictor  to  tliia  region,  and,  along  wiih 
the  j;ra!i.ses,  cover  buundlesa  plains,  waving  in  tlic  wind  like  corn- 
liukla,  while  other  places  are  overgrown  by  forests  of  more  <pgantio 
grasses  with  brauchin<;  stenm. 

Itiii>enetrable  thickets  of  mangrove  cover  tlie  deltas  of  the  rivcra, 
an<)  even  grow  so  far  into  the  water  that  their  trunks  are  coated 
with  HliHll-liflh;  but  the  pestilential  cshalationa  render  it  alinoet 
certain  death  to  botanize  amid  tills  luxuriaace  of  nature. 

Tarious  trees  of  the  i^apotA  onlcr  are  peculiar  to  Africa;  the 
butter-trccof  tbcenterprisiikgbut  iiuA>rtuDate  Mim</o  Tark,  the  stai- 
applt',  the  crcaui-fniit,  the  custard-apjile,  ami  tlio  water-vine,  arc 
plentiful  ill  ^'eiiegal  and  ISierra  Leone.  The  safu  and  bread-fruit  of 
Polynesia  are  rcpresentoi  here  by  the  rausanga,  a  large  tree  of  the 
nettle  trilw,  tlie  fruit  of  whicli  has  tbe  flavour  of  the  hazel-nut.  A 
few  palum  have  very  local  habitations,  as  tho  Elais  guineensis,  or 
lialni-oil  plant,  found  only  on  the  coast.  That  graceful  tribe  is  lew 
varied  in  species  in  equatorial  Africa  than  In  the  other  tropical 
continents. 

Tlie  Dora  of  South  Africa  differs  entirely  from  that  of  the  northern 
and  trojiical  zones,  and  aa  widely  from  that  of  every  other  country. 
'I'he  soil  at  the  Uape  of  Gooii  Ho[)c,  and  of  the  Karroo  plains  and 
valleys  between  tho  mountains,  is  sometimes  ^velly,  but  more 
freiiuently  is  eoiiipnseil  of  mod  and  chiy;  in  siimnicr  it  is  dry  and 
parcbcii,  and  most  of  its  rivers  arc  dried  up;  it  bears  but  a  few 
stunted  shrubs,  some  succulent  plants  and  mimosas,  nloni;  the 
mar,riu  of  the  river-co  arses.  The  sudden  eflect  of  rain  on  the  parched 
groimd  is  like  niagic ;  vegetation  is  recalled  to  life,  and  in  a  short 
time  the  country  is  decked  with  a  beautiful  and  (leculiar  flora. 

ijeveral  thousand  species  of  plants  have  been  collected  in  South 
AlHca.  Ut'  these,  Bricaceo!  and  i'roteacea!  are  two  conspicuous  orders ; 
they  are  very  limited  in  distribution  ;  but  few  are  to  be  seen  N.  of 
the  mountains  which  bound  the  Great  Karroo,  and  by  much  the 
greater  uuniber  of  them  grow  within  100  miles  of  Cajie  Town; 
indeed  at  the  distanccof  only  40  miles  the  prevailing  Proleacew  are 
difl'erent  from  those  of  that  locality.  The  Lcucoilendron  argenteom, 
or  silver-tree,  which  forms  groves  nt  the  back  of  Table-mountain,  is 
confined  to  the  [>eninsula  of  the  Ca]>e.  The  beautiful  Disa  grandi- 
flora  is  found  only  in  one  i>artlcular  siiot  on  the  tup  of  Table 

The  dry  sand  of  the  W.  coast  and  tbe  country  northwanl,  through 
many  degrees  of  latitude,  is  tho  native  habitation  of  Btai>elias,  roo 
culent  plants  with  Icallcss  steins,  and  flowers  like  star-fish,  with 
the  smell  of  carrion.  A  great  |x>rtioD  of  the  eastern  frontier  of  tho 
Capo  colony  and  the  adjacent  districts  is  covered  with  est^nsiTa 
thickets  of  a  strong  succulent  and  thorny  vegetation  called  by  the 
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DfltiVM  "  the  bush :'  similar  thickels  occur  again  far  to  the  W, 
the  haiikn  or  tlio  river  Guariu.     The  moEt  common  {AuiU  of 
buali  nre  nloes  of  many  spocica,  all  cxcocdineiy  lleiliy  ud 
bcMutiful :  the  great  red-flowuring  arlwreHcent  aloe,  and  iKiitie 
make  n  cmii>|>Jcnaiis  figure  in  the  oosieni  pnrt  of  the  rwlony. 
chomcterigtic  plnntB  of  the  custom  districts  arc  the  Bpek-boem, 
PortuloiMi  ni'ra,  tkhotti*  speoioHi,  and  tht>  grent  succulent  e 
hiBB,  whicli  sruw  intu  real  trees  40  kvt  high,  brauching  like 
dekbnuu,  eutii«ly  leafless,  priukly,  and  trith  a  very  acrid 
jnic«.     The  Kuphorbis  metofoauis,  three  feet  in  ilianieler,  I 
the  >!n>uud,  to  which  it  is  attached  by  nlender  fibrous  roots,  and  te- 
confined  to  the  moanWins  of  Gmaf  Rejnet.    The  succulent  euphor- 
bias, in  the  Old  World,  rejiriMout  the  Cactus  tribe,  which  belong 
exclusively  to  the  New.    Cycodete,  having  the  appearance  of  dwarf< 
[lalma  without  any  real  similarity  of  stnicture,  belong 
districts,  especially  to  the  great  tract  of  bnsh  on  the  Caflir  fronUtni 

ToriouB  species  of  Acacia  are  indigenous  and  much 
in  their  location :  the  Acaoia  horrida,  or  white-tbornod  acaola, 
very  common  in  the  eastern  districts  and  in  Caffirland.    The  Aoaci*i{ 
cofra  is  strioUy  eastern,  growing  along  the  margins  of  rivers, 
which  it  is  a  great  umament.    The  Acacia  detiuens,  or  book-thmii' 
is  almost  peculiar  to  the  Zand  valley. 

It  appears  from  the  inatances  moiittoood  that  the  vegetatic 
the  uBHtom  districts  of  the  colony  differs  from  that  of  the  weatoni, 
yet  many  plants  of  ordere  and  genera  found  only  in  this  part  of  Afrioft 
are  generally  diffused :— Nearly  all  the  300  s[ieciee  of  the  fleakr 
succulent  tribe  of  Bfesombryantjieraum,  or  Hnttentot's  fig ;  a  gmt 
many  hoantiful  species  of  the  Oxaiis,  or  wood-sorrel  tribo;  eveiy 
ipocies  of  Gladiolus,  with  the  exception  of  that  in  the  eom-fietda  of 
Italy  and  France ;  ixios  innumerablu,  one  with  petals  of  apple-grea& 
colour ;  geraniums,  espcduUy  the  ^enus  Pelargonium,  or  sturit^  WU, 
almost  (leculiar  to  this  locslity;  many  varieties  of  Gnaphalinm  and 
Xoranthemum;  the  brilliant  StralitEia;  133  spociea  of  the  hooae- 
leek  tribe,  all  fleshy,  attached  to  th<!  soil  by  a  strong  wiry  root, 
nourished  mors  or  less  from  the  atmosphere :  Diotunai  ore  wide^ 
scattorod  in  gr<*t  variety;  shrubiiy  Domgineie  with  flowers  of 
colours,  and  terrestriBl  Orchideie  with  large  and  showy  blosaoiut 
The  legmninous  plants  and  Hie  Crucifene  of  the  Cape  are  pecuUar|. 
indued  all  llie  vegetatiim  has  a  distinct  character,  and  both  _ 
aod  species  arc  confined  within  narrower  limits  than  is  usual  any* 
where  else,  without  any  apiHtrent  cause  to  account  for  a  disperriionr 
ao  arbitrary. 

notwithstanding  the  [leculiarity  of  character  with  which  the 
botany  of  the  Cape  is  so  distiuetly  marked,  it  is  connected  with 
that  of  very  remote  countries  hy  particular  plants.    IIm  affinity 
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with  Australia  in  great :  in  portions  of  the  t 
same  Utituiie  tbcre  are  Bevcral  Renera  idtntical;  Proteacen  and 
Hcnti.iciuc  arc  abundant  in  both,  and  comparatively  very  me  else- 
where. Iridese,  Lcguminuste,  Diosmeie,  and  some  others,  are  also 
most  cliaractcriHtic  uf  both  floras. 

Tb(!  veiKtatioii  of  Mada^;ascar,  though  similar  !□  many  respect)' 
to  the  floras  of  ludia  and  Africa,  nevertheless  has  prcat  peculiarity. 
'lliu  HydrogetoD  feDestmlis,  or  lattice-leaf,  a  siu^lar  aquatic  plant, 
with  leaves  like  the  skeletons  of  leaves,  having  do  green  subetance 
between  the  voins;  and  the  Taughluia  vcnenillua,  which  produces 
a  poison  so  deadly  that  its  seeds  are  used  to  execute  criminals,  arc 
natives  of  this  country. 

Sutiie  genera  and  S[)ccies  are  common  and  peculiar  to  Uada<aBcar, 
the  Isle  of  Bourbon,  and  Mauritius.  The  thrcu  islands  are  rich  in 
ferns.  The  Panilanus,  or  screw-[nno  genus,  abounds  in  Bourbon 
and  tho  Mauritius,  where  it  covers  sandy  plains,  sending  off  strong 
aiirial  routs  from  the  stem,  which  strike  into  the  ground  and  enable 
the  plant  to  resist  the  violent  winds. 

Ki^bt  ur  10  de^Tces  N.  of  Madagascar  lies  the  group  of  the 
Seychelles  Islands,  in  one  of  which  are  groves  of  the  peculiar  palm 
which  l>L-ars  tbe  double  coco-nut,  or  cu»  do  mer,  the  growth  of  this 
island  only.  Its  gigantic  leaves  are  employed  in  the  construction  of 
huuHes,  and  other  parts  of  the  plant  are  applied  to  various  domestic 
purposes. 


§  2.  The  flora  of  the  Australian  continent  is  of  a  strange  and  un- 
examjiled  character.  Several  entire  orders  of  )>lants  ore  known  only 
iu  Australia,  and  the  genera  and  ap«cies  of  families  that  grow  else- 
where, here  assume  new  and  singular  forms.  Persistent- leaved 
trees,  with  liard  narrow  leaves  of  a  sombre,  melancholy  hue,  are 
prevalent,  and  there  are  whole  shadowless  forests  of  leafless  trees; 
the  foot-stnika  of  the  leaves,  dilated  and  set  edgewise  on  the  stem, 
supply  their  place,  and  jierform  the  functions  of  nutrition  ;  their 
altered  |x>sition  gives  them  a  singular  appearance.  Plants  in  other 
countries  liave  glands  on  the  under  side  of  tbe  leaves,  but  in 
Australia  there  are  glands  on  both  sides  uf  these  substitutes  for 
leaves,  an<l  the  clianges  of  the  seasons  have  no  intluence  on  the 
unvirring  olive  "reen  of  the  Australian  furestn;  even  the  grasses 
art  t  a  f,rt«t  txti  it  distin;;uiHbeil  from  those  of  other  countries  by 
a  re  irkible  r  ^  lity.  These  features  are  very  much  modified 
aloig  the  \  coa.t,  which  presents  a  less  soml>re  character;  but 
St  II  th  contrast  of  vegetation  on  tbe  S.  side  of  Torres  Strait  with 
the  luxuriant  jun^Ic-clad  shores  of  New  Guinea,  where  deep  and 
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ilark  fore«U  are  rich  in  tnoro  thnn  the  luual  tropionl  exubenuuc,  is 
vciy  ^Teat  indeed.  Maiigrove  Bwmnps  are  Ibuiid  iit  the  mouUiB  of 
the  rivers  which  flow  into  the  Gulf  uf  Ciir{)eiitariB. 

The  peculiarly  AustrsUan  veget»tioD  is  found  in  the  eoathem 
uf  the  contincut  distributed  in  diiitinct  foci  iu  thu  same  ktitnt 
circumBtance  of  which  the  Proteflccffi  affonl  a  reioarkable 
Nearly  one-half  of  the  known  s|iecies  of  thi«  remarkable  order 
in  the  parallel  of  Port  Jackson,  bom  which  they  decrease  in  nnmber 
both  to  the  H.  and  the  N. ;  and  the  species  of  the  sonth'neatfm 
quarter  of  the  continent  are,  without  an  cioeiition,  dilTerbul  from 
those  of  the  eastern. 

Th«  myrtle  tribe  form  a  conspicuous  feature  in  Anstmlian 
tioii,pftrticnl»rIylhHgBneniKucal.vrilus,Mctro8idero8,  Le[itaa|icrmi 
and  othere,  some  bearing  splendid  bloasoms — white,  purple,  yelli 
ami  crimHOU :  100  species  of  the  Eucalypti,  most  of  them  lar^  traMi 
grow  in  Aiistralin,  many  of  them  forming  esteusive  forests.  The 
leafless  ncncias,  of  which  there  are  93  species,  are  prominent  featnre* 
in  tlic  Austialion  landscape.  The  genus  Casiianna,  with  its  strange 
jointed  droo{nng  bronchot,  holds  a  cons|Hciious  \^»oe ;  it  Is  chiefly 
confined  to  the  princi|al  pamllel  of  this  vegetation,  and  jvoduaas 
excvllout  timber;  it  grows  also  in  the  Malayan  poniUBuIa  and  the 
South  Sm,  islands.  'Phe  Epacridew,  with  scarlet,  rose,  and  white 
blossoms,  supply  the  place  of,  and  very  much  resemble,  the  tme 
beathx,  wbicli  do  not  exist  here;  the  purple-flowering  Tremandrem; 
the  yoltow-tlowering  Dillenittceie;  the  Doryauthea  excolau.  the  most 
splendid  of  the  lily  tribe,  Zi  f«et  higli,  with  a  head  of  brilliiuit 
crimson  bloasoiiis,  are  all  characteristic  |>hiDts. 

There  is  a  change  on  the  north-eastern  coast  of  Australia. 
CostDtiospormiuu  australe  is  so  plentiful  that  it  fumisbei  the 
dpal  food  of  the  nativL's ;  a  cuper-tree  of  grotesque  form,  having 
colossal  dimenmonH  of  the  Senegal  baobab,  and  extraordinary  tree* 
of  the  Qg  genus,  characterize  this  region.  It  sometimes  occurs  hei^ 
as  in  other  tropical  countries,  Iliat  the  seeds  of  these  fig-trees  ara 
deposited  by  birds  on  the  branches  of  trees,  that  they  vegetate  and 
enctoee  the  trunk  entirely  with  their  rootii,  sending  up 
lateral  brauchos,  which  so  complet«ly  envelop  the  tree,  that 
its  top  alone  is  visible  in  the  c«utre  of  the  lig-tree.  The  Pi 
l^nus  fjoitrishcs  both  inland  and  within  the  influence  of  the 
air.  Then  are  several  species  of  palms,  equally  local 
habitations  as  elsewhere,  not  one  of  which  grows  on  the  W.  ddfl 
of  the  continent.  The  Amucaria  Cunnin^hamii  [iroduces  the 
timber  of  any  tree  in  this  part  of  Australia. 

"Vhe  south-western  districts  of  Australia  exhibit  another  focus  tif  ] 
vegetation,  lees  rich  in  sjiecies  than  that  of  Port  Jackson,  but 
more  peculiar.     The  Kingia  aiislntlis  rises  solitary 
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plaina,  with  tufts  of  long  grasay  leaves  at  the  extremities  of  the 
bare  trunks,  whivli  are  blackened  oh  if  xcattied  bj  lightning,  but  in 
reality  by  tbu  fires  of  the  nativeu ;  Bankaias  are  numerous ;  the 
Styhdiimi,  whose  blossoms  are  even  more  irritable  than  the  leaves 
of  the  sensitive  mimosa,  and  plants  with  dry,  everlasting  blussuins, 
cbamctcrizo  the  flora  of  these  districts.  I'be  greater  part  of  the 
southern  ve^ielation  vanishes  on  the  northern  coasta  of  the  continent, 
and  what  remains  is  mingled  with  the  cabba;^e-]ielm,  various  species 
of  the  uutrueg  tribe,  sandal-wood,  and  other  Malayan  forms — a 
circumstance  tiiat  may  hereafter  be  of  inijiortanco  to  onr  colonista. 
Duri[iK  Mr.  Gregory's  expedition  in  Western  Australia  he  met  with 
a  very  beautiful  convolvulus,  with  numerous  flowers  from  2  to  3 
inches  in  diameter,  of  a  dark  lilac  deeiienin^  into  a  rich  puqilc  in 
the  centre.  It  bears  roots  like  a  sweet  potato,  some  of  them  more 
tbnn  a  t>ound  in  weight  and  well  flavoured,  and  forms  an  important 
article  of  food  to  the  natives,  and,  if  cultivated,  it  will  be  considered 
a  valuable  acquisition.  A  rock  melon  with  fruit  about  the  size 
of  a  pigeon's  egs;  was  met  with  also  in  great  abundance. 

Orchideie,  chiefly  terrestrial,  are  in  great  variety  in  the  e):tra- 
tropical  regions  of  Australia.  IteeiU  uf  gij^antic  size  form  foresU)  in 
the  marshes,  and  the  kangaroo-graaa  covers  the  plains. 

ncauttfiil  and  varied  as  the  flora  of  Australia  is,  it  is  by  no  moans 
luxuriant.  'I'here  b  little  ap[)earance  of  verdure,  the  foliage  is  poor, 
the  forests  often  sbadeless,  and  the  grass  thin ;  always  excepting 
valleys  of  the  eastern  mountains,  and  even  on  some  jiarts  of  the 
plains,  where  tlie  vegetation  is  vigorous. 

The  flora  of  Tasmania  is  almost  identical  with  that  of  Sonth- 
EaBtem  Australia,  esgxicially  the  mountains  of  the  Victoria  colony. 
The  plains  glow  with  the  warm  golden  flowers  of  the  silver  wattle, 
an  acacia,  tlie  emblem  of  the  island.  'I'wo  tree-ferns  grow  in  tbia 
country ;  of  which  one  rises  40  feet  to  the  base  of  the  fronds,  which 
a|iread  into  an  elegant  top,  prmliicing  a  shadow  gloomy  as  nightfall ; 
and  there  are  also  numerous  species  of  orchideiv. 

The  botany  of  New  Zealacid  ap]>ears  to  be  allied  to  that  of 
Australia,  South  America,  and  the  I'aciSc  Islands.  Noble  trees 
form  iniiwnetrable  forests,  60  of  which  yield  timber,  and  many  are 
of  kinds  to  which  we  have  nothing  similar.  Here  there  are  no 
representatives  of  our  oak,  birch,  or  willow,  but  five  species  of  beech 
and  ten  of  Conifene  have  been  discovered  that  are  jieculiar  to  the 
country.  The  Kauri  pine,  or  Dammara  australis,  is  found  only  in 
the  Morth  Island,  where  it  grows  in  hilly  situalions,  shooting  up 
with  a  clean  stem  GO  or  90  feet,  someticnes  10  feet  in  diameter,  and 
a  spreading  but  thin  top :  it  generally  has  a  quantity  of  transparent 
yellow  resin  imbeilded  at  its  base.  This  fine  tree  does  not  grow 
beyond  the  3Sth  degree  of  S.  I&t.    The  Metrosiderot  tomeatioBL, 
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wiLli  riuh  crimson  bluaaoms,  a  one  nf  the  greatost  ornaments  of  tiM 
consCs;  and  other  specie*  of  the  ^unus  abound  in  the  TorestB.  One 
palm  only  inhabits  New  Zealaod,  the  Arec«  wpida.  This  coimti; 
is  probably  the  southern  limit  of  the  orciiidoous  plants  tliat  grow 
on  treea.  Befuni  New  Zealand  was  c«ionited,  the  natives  used  th« 
roota  of  the  edible  fern,  Pteria  oaculenta,  with  which  some  part*  of 
the  country  is  densely  covered.  More  than  120  species  of  fern  are 
natives  of  these  islands,  some  of  which  are-  arborescent  and  40  fwt 
high ;  the  counlry  also  produces  the  New  Zealand  flax,  FbonniDin 
tenax,  which  grows  abundantly  both  on  the  mountBioa  and  plainsL 

In  Norfolk  Island  irj2  spccten  of  plants  are  already  known.  The 
Cape  ^joosubcny  or  Phyaalia  edulia,  the  guava-tree,  and  lenion-troe^ 
are  Introduced;  also  the  bread-tmit  tree,  which  bluaaoms,  but  does 
not  bear  fruit,  The  Araucaria  eicelea  and  some  [alms  are  indi- 
genous, and  there  are  three  times  as  many  ferns  as  of  ati  the  other 
plants  ti^ther. 

$  3.  'I'he  multitude  of  ialanda  of  Polj'nenin  constitute  a  bot«Dical 
r^ion  ai<art  from  all  others.  The  coco-nut  {lalni  and  the  pandanns 
arc  conmion  to  all,  Init  the  latter  thrives  only  when  t'xputted  to  the 
sesHtir.  This  archipelago  prudncea  Tacca  funnaUGda,  which  yields 
arrowruot ;  the  Moras  impyrifera,  whose  bark  is  luauufactunid  into 
paper;  and  one  of  the  Arum  tribe,  from  which  an  intoxicating 
liqnor  is  made.  Fifty  varietiesi  of  the  bread-fruit  tree  are  itidi- 
gunoua,  which  produce  thrm  or  four  crops  annually.  It  in  most 
abnudant  in  tho  Friendly,  Society,  and  Caroline  groups,  whence  it 
has  liecn  taken  to  Anierico,  where  it  thrives  in  very  low  latitnde& 

The  Sandwich  group  is  peculiar  for  the  number  of  Lobelias ; 
while  the  Coral  islands,  whose  flora  is  entirely  borrowed,  rarely 
have  two  species  belougini;  to  the  same  genus ;  the  fragrant  Surisna 
and  Bweet-sceuied  Toumcfortia  are  among  their  scanty  vi^etatioo. 

I'he  two  species  of  banana-trees  which  are  natives  of  aouthetu 
Asia,  have  been  introduced  at  an  unknown  and  probably  early 
period  into  the  Polynesian  islands,  and  all  tropical  countries  in  the 
eastern  uid  western  hemispheres.  Syria  is  their  northern  limit, 
where  the  Muaa  paradialaca  grows  to  34°  N.  lat.  The  sweet  fruit 
of  iheev  trees  jjroduces,  on  the  same  extent  of  ground,  44  times  as 
much  nutriment  as  the  potato,  and  183  times  more  than  wheat. 

St.  Helena,  Mauritius,  tlie  Sandwich  group,  New  Zealand,  Juan 
Feruandex,  and  above  all  the  Galapagos  islands,  are  more  peculiar 
in  their  floras  than  any  other  ttact«  of  their  size.  The  Galap^[OS 
archipelago  consists  of  10  {irinripaJ  islands  lying  immediately  under 
the  equator,  600  miles  fmm  the  coast  of  America.  They  are  entirely 
volcanic,  and  contain  2000  extinct  craters.  The  vegetation  is  so 
peculiar  that,  of  180  plants  which  have  been  collected,  100  are 
found  nowhere  else ;  of  21  species  of  Compositw  all  but  one  no 
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iDiligciums  and  bc1an°  to  10  genera,  8  of  irhich  are  excluNvely 
cotitituil  to  tlieso  islandfl. 

'Diix  llora  has  ni>  anali^zy  with  that  of  FolyncHia,  but  it  bean  a 
iloublf  rt'liitidii  tu  the  lluro  of  i^uth  America.  The  (ilanta  [icculiar 
tu  t)i(>  l.inla[itt;K>s  ialauils  arc  for  the  most  |uut  alliiil  tu  those  on 
the  ciKilcr  part  of  Ihc  cotitititiit  or  on  high  lauds,  while  the  othen 
arc  the  Baitie  n-Jtli  those  that  abound  in  the  hot  dam]),  intertropical 
rc;riuiiH  uf  tho  continent.  The  i;reHteHt  number  of  peculiar  plants 
l^iw  on  thu  tops  of  the  islands  where  tho  sea  vapour  is  condensed, 
am)  nintiy  of  ihcni  are  cimtiucd  to  some  one  islet  of  the  poup. 
'I'li<iii;:li  this  flora  h  Hin«uliu  it  is  poor  compared  with  that  of  the 
Paudw  ich  ijroup,  or  the  Capo  de  Vctd  Islands,  ' 
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FLORA  OF  NORTH  AMERICA. 

§  1.  From  similarity  of  physical  circumstances  the  Arctic  flora  of 
America  bears  a  strong  resemblance  to  that  of  the  northern  regions 
of  EuroiKj  and  Asia.  This  botanical  district  comprises  Greenland, 
and  extends  considerably  to  the  S.  of  the  arctic  circle,  especially 
at  the  eastern  and  western  ends  of  the  continent,  where  it  reaches 
the  60th  parallel  of  N.  lat.,  and  even  more  ;  it  is  continued  along 
the  tops  of  the  Rocky  Mountains  almost  to  Mexico,  and  it  reappean 
on  the  White  Mountains  and  a  few  other  parts  of  the  Alleghanies. 

Greenland  has  a  much  more  Arctic  flora  than  Iceland ;  the  valleys 
present  numerous  mosses  and  marsh-plants,  the  gloomy  rocks  are 
sprinkled  with  sombre  lichens,  and  the  grasses  on  the  pasture- 
grounds  that  line  the  fiords  are  nearly  four  times  less  varied  than 
those  of  Iceland.  In  some  sheltered  spots  the  service-tree  bean 
fruit,  and  birches  grow  to  the  height  of  a  few  feet ;  but  ligneoos 
plapts  in  general  trail  on  the  ground. 

Although  the  Arctic  flora  of  America  has  much  the  same  character 
as  that  of  Europe  and  Asia,  most  of  the  species  being  common  to 
all,'  there  is  yet  a  difference  in  the  vegetation  at  the  two  ex- 
tremities of  the  continent ;  there  are  30  si)ecies  in  the  E.  and  20  in 
the  W.  which  are  not  common  to  both.  Ilie  sameness  of  character 
changes  with  the  barren  treeless  lands  at  the  verge  of  the  arctic 
region,  where  the  distribution  of  plants  varies  both  with  the  latitude 
and  the  longitude.  Taking  a  broad  view  of  the  botanical  districts 
of  North  America,  there  are  two  woody  regions,  one  on  the  easterOy 
the  other  on  the  western  side  of  the  continent,  separated  by  a  regioii 
of  prairies  where  grasses  and  herbaceous  plants  predominate.  The 
vegetation  of  these  three  x>arts,  so  dissimilar,  varies  with  the  lati- 
tude, but  not  after  the  same  law  as  in  Europe,  for  the  winter  is 
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much  colder  and  the  summer  warmer  on  the  eastern  coasts  of 
America  than  on  the  western  shores  of  Europe,  owing  in  a  ji;reat 
measure  to  the  prevalence  of  westerly  winds  which  bring  cold  and 
damp  to  our  shores. 

Boundless  forests  of  black  and  white  spruce,  with  an  undergrowth 
of  reindeer  moss,  cover  the  country  S.  of  the  arctic  region,  which 
still  further  S.  are  afterwards  mixed  w^ith  other  trees.  ITiere  are 
vast  forests  in  Canada  of  pines,  oak,  ash,  hickory,  red  beech,  birch, 
the  lofty  Canadian  poplar,  sometimes  100  ft.  high  and  36  ft.  in 
circumference,  and  sugar-maple ;  the  prevailing  shrubs  are  Kalmias, 
Azaleas,  and  Asters,  the  former  vernal,  the  latter  autumnal ;  soli- 
dagos  and  asters  are  the  most  characteristic  plants  of  this  regfon. 

The  splendour  of  the  North  American  flora  is  displayed  in  the 
Eastern  States ;  the  American  sycamore,  chestnut,  black  walnnt, 
hickory,  white  cedar,  wild  cherry,  red  birch,  locust-tree,  tulip-tree, 
or  Liriodendron,  the  glory  of  American  forests,  liquidambar,  oak, 
ash,  pine-trees  of  many  species,  grow  luxuriantly,  with  an  under- 
growth of  Rhododendrons,  Azaleas,  Andromedas,  Gerardias,  Caly- 
cauthus,  Hydrangea,  and  many  more  of  woody  texture,  with  an 
infinite  variety  of  herbaceous  and  climbing  plants. 

1'he  vegetation  is  different  on  the  two  sides  of  the  Alleghany 
mountains ;  the  locust-tree,  Canadian  jx)plar,  Hibiscus,  and  Hy- 
drangea, are  most  common  on  the  W.  side ;  the  American  chestnut 
and  Kalmias  are  so  numerous  on  the  Atlantic  side  as  to  give  a 
distinctive  character  to  the  flora :  here,  too,  aquatic  plants  are  more 
frequent :  among  these  is  the  Sarracenia  or  side-saddle  flower, 
singular  in  fonn,  with  leaves  like  pitchers  covered  with  a  lid,  half 
full  of  water. 

The  autumnal  tints  of  the  forests  in  the  States  are  beautiful  and 
of  endless  variety ;  the  dark  leaves  of  the  evergreen  pine,  the  red 
foliage  of  the  maple,  the  yellow  beech,  the  scarlet  oak,  and  purple 
Nya^isa,  with  all  their  intermediate  tints,  ever  changing  with  the 
light  and  distance,  produce  an  efiect  at  sunset  that  would  astonish 
the  native  of  a  country  accustomed  to  a  more  sober-coloured  flora 
under  a  more  cloudy  sky. 

In  Virginia,  Kentucky,  and  the  southern  States  the  vegetation 
assumes  a  different  aspect,  though  many  plants  of  more  northern 
districts  are  mixeil  with  it.  Trees  and  shrubs  here  are  remarkable 
for  broad  shining  leaves  and  splendid  blossoms,  as  the  Gleditschia, 
CataljKi,  Hibiscus,  and  the  family  of  Magnolias.  They  are  the 
distinguishing  feature  of  the  flora  from  Virginia  to  the  Gulf  of 
Mexico,  and  from  the  Atlantic  to  the  Rocky  Mountains :  the 
Mai^nolia  grandiflora  and  the  tulii>-tree  are  the  most  splendid 
siHJcimens  of  this  tril^e  of  plants  ;  the  latter  is  often  120  feet  high. 
The  loug-leaved  pitch-pine,  one  of  the  most  picturesque  of  trees., 
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covers  an  arid  soil  on  the  coast  of  the  Atlantic,  of  60,000  square 
miles.  The  swamps  so  common  in  the  southern  States  are  clothed 
with  the  gigantic  deciduous  cypress,  the  aquatic  oak,  and  swamp 
hickory,  whilst  the  rare  and  magnificent  Nelurabium  luteucn  and 
other  aquatics  grow  there ;  and  among  the  innumerable  herbaceous 
plants  the  singular  Dion«a  muscipula,  or  American  fly-trap :  the 
trap  is  formed  by  two  opposite  lobes  of  the  leaf,  edged  with  spines, 
and  so  irritable  that  they  instantly  close  upon  the  insect  that  lights 
on  them.  This  Magnolia  region  corresponds  in  latitude  with  the 
southern  shores  of  the  Mediterranean,  but  the  climate  is  hotter  and 
more  humid,  in  consequence  of  which  there  is  a  considerable 
number  of  Mexican  plants.  A  few  dwarf-palms  appear  among  the 
Magnolias,  and  the  forests  in  Florida  and  Alabama  are  covered 
with  Tillandsia*  usneoides,  an  air-plant,  which  hangs  from  the 
boughs. 

Many  species  of  grass  cover  the  extensive  prairies  or  steppes  of 
the  valley  of  the  Mississippi.  The  forms  of  the  Tartarian  steppes 
appear  to  the  N.  in  the  Centaureas,  Artomisias,  Astragali ;  but 
many  more  are  peculiar.  The  Helianthus  and  Coreopsis,  mixed 
with  some  European  genera,  mark  the  middle  regions ;  and  in  the 
south,  towards  the  Rocky  Mountains,  Clarkia  and  Bartonia  are 
mixed  with  the  Mexican  genera  of  Cactus  and  Yucca.  The  western 
forest  is  less  extensive  and  less  varied  than  the  eastern,  but  the 
trees  are  larger.  This  flora  in  high  elevations  is  but  little  known : 
the  'i'huja  gigantea  on  the  Rocky  Mountains  and  the  coast  of  the 
Pacific  is  200  feet  high.  Claytonias  and  currants,  with  plants  of 
northern  Asia,  are  found  here. 

The  forests  of  British  Columbia  and  Vancouver's  Island  abound 
in  Conifene,  the  red  and  yellow  cedar  and  pines.  The  birch,  the 
maple,  and  hazel  are  found  in  British  Columbia,  and  oaks  in  the 
S.  of  Vancouver's  Island.  The  wild-rose,  sweet-briar,  and  berry- 
bearing  bushes  are  numerous,  and  cranberries  are  so  abundant 
that  they  are  exported  to  San  Francisco.  Hemp  and  flax  grow 
wild,  and  from  the  fibres  of  the  Urtica  Cannabina,  the  Indiana 
manufacture  twine,  roi)e,  and  nets.  The  coast  mountains  of  Cali- 
fornia have  pine  valleys  in  which  the  burr  oak,  with  elm-like 
branches  is  a  distinguishing  tree.  Oaks,  pines,  laurels,  cypresses, 
the  madrona,  the  mazanita  and  the  gigantic  redwood  are  found  on 
the  tops  of  the  hills  and  in  the  close  canons.  The  timber  of  the 
redwood  is  used  for  building.  The  forests  of  the  Sierra  Nevada 
have  a  wide  variety  of  oaks,  pines,  firs,  cypresses,  and  cedars.  The 
sugar  pines  are  distinguished  by  huge  cones  hanging  all  over  their 
tops.  These  trees  are  sometimes  300  feet  high,  and  eight  or  ten 
feet  in  diameter ;  they  furnish  fine  timber. 

The  Pinus  Lambertiana  is  an  instance  of  the  stupendous  trees 
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of  the  western  flora ;  many  species  of  pine  are  indigenoas  in  Cali- 
fornia, among  which  is  the  mammoth-tree,  or  Wellingtonia  (Sequoia 
gigantea),  which  attains  from  200  to  300  and  even  325  feet  in 
height,  and  100  in  girth,  and  some  plants  of  which  are  supposed  to 
be  2000  years  old.  The  mammoth  trees  are  scattered  among  the 
other  trees  of  the  forests  at  some  eight  diflferent  places  along  the 
side  of  the  Sierra  Nevada,  at  elevations  of  from  4000  to  7000  feet, 
and  within  a  distance  of  a  hundred  and  fifty  miles  S.  of  the  centre 
of  the  state  of  California.  None  have  been  found  out  of  this  line. 
The  Calaveras  grove  of  Big  Trees  is  the  most  northerly ;  the  Mari- 
posa grove,  containing  about  600  trees,  125  of  which  are  over  40  ft. 
in  circumference,  and  several  from  90  to  100  ft,  has  been  set  apart 
to  be  preserved  by  the  state.  "  The  bark  of  these  trees  is  of  a 
light  cinnamon  colour,  fluted  up  and  down  the  long,  straight, 
8lowly-tai)ering  trunk,  like  Corinthian  columns  in  architecture ; 
the  top,  resting  like  a  cap  upon  a  high  bare  mast,  is  a  perfect  cone  ; 
and  the  evergreen  leaves  wear  a  bright  light  shade,  by  which  the 
tree  can  be  distinguished  from  afar  in  the  forest.  The  wood  is  a 
deep  rich  red  in  colour ;  the  bark  is  sometimes  as  much  as  twenty 
inches  thick."  *  This  is  the  native  soil  of  the  currant-bushes  with 
red  and  yellow  blossoms,  of  many  varieties  of  lupins,  paponies, 
eschscholtzias,  and  other  herbaceous  plants  so  ornamental  in  our 
ganlens. 

Amongst  the  native  fruits  of  North  America  the  hickories  are 
the  most  celebrated,  and  there  are  many  of  these ;  to  which  may  be 
added,  in  the  Southern  States,  the  Chicasaw  plum,  the  papaw,  the 
banana,  the  red  mulberry,  and  the  plumlike  fruit  of  the  persimon.- 
There  are  several  species  of  wild  grapes,  of  which  one  produces 
an  excellent  wine,  and  is  largely  cultivated.  North  America  has 
contributed  much  to  the  ornament  of  our  pleasure-grounds  and 
gardens,  and  has  also  borrowed  largely  from  other  parts  of  the 
globe.  Tobacco,  Indian  com,  and  many  other  ])lants  of  the  utmost 
conmiercial  value,  are  strangers  to  the  soil,  having  been  introduced 
by  the  earliest  inhabitants  from  Mexico  and  South  America. 

FLORA   OF   MEXICO   AND   THE   WEST   INDIES. 

§  2.  Mexico  itself  unites  the  ve^xetation  of  North  and  South 
America,  though  it  resembles  that  of  the  latter  most  nearly. 
Whole  provinces  on  the  table-land  and  mountains  produce  alpine 
plants,  oaks,  chestnuts,  and  pines  sjxjntaneously. 

The  lowlands  of  Mexico  and  Central  America  have  a  very  rich 
flora,  consisting  of  many  plants  ptculiar  to  them.     The  Uymenea 


»   Bowie's  "  Our  New  West." 
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Courbaril,  from  which  the  copal  of  Mexico  is  obtained,  logwood 
mahogany,  and  many  other  large  trees,  valuable  for  their  timber 
grow  in  the  forests;  sugar-cane,  tobacco,  indigo,  American  aloej 
yam,  capsicum,  and  yucca  are  indigenous  in  Mexico  and  Central 
America.  It  abounds  in  species  of  the  Melastomas  and  Passiflona 
The  pine-apple  is  entirely  American;  it  has  been  carried  to  and 
naturalised  in  all  the  tropical  countries  of  the  Old  World.  Thii 
country  also  produces  the  cherimoya,  said  to  be  the  most  excellent 
of  fruits.  Much  of  the  vanilla  which  is  used  in  Europe  conies  from 
the  states  of  Vera  Cruz  and  Oaxaca,  on  the  eastern  slopes  of  the 
Cordillera  of  Anahuac  in  Mexico.  Hot  arid  tracts  are  covered  with 
the  Cactus  tribe.  They  are  social  plants,  inhabiting  sandy  plains 
in  thickets,  and  of  many  s|)ecies :  their  forms  are  various  and  their 
blossoms  beautiful.  A  few  occur  at  a  considerable  distance  from 
the  tropics,  to  the  north  and  the  south.  An  opuntia  grows  in 
the  Rocky  Mountains ;  and  Sir  George  Back  found  a  small  island 
in  the  Lake  of  the  Woods  covered  with  it.  In  Mexico  the  cochineal 
insect  was  collected  from  the  Cactus  coccinellifer  long  before  the 
Spanish  conquest.  There  are  large  fields  of  American  aloe,  firom 
which  a  fermented  liquor  called  pulque,  and  also  an  ardent  spirit, 
is  made.  1'he  ancient  Mexicans  made  their  hemp  from  this  plant, 
and  also  their  paper.  I'he  forests  of  Panama  contain  at  least  97 
difl'erent  kinds  of  trees,  which  grow  luxuriantly  in  a  climate  where 
the  torrents  of  rain  are  so  .favourable  to  vegetation,  and  so  unfjavomv 
able  to  human  life  that  the  tainted  air  is  deadly. 

Maize  or  Indian  com  is  believed  to  have  come  originally  fnxn 
Mexico  and  South  America.  It  is  an  annual,  requiring  only  summer 
heat ;  its  limit  is  60°  N.  in  the  American  continent,  and  47°  K.  in 
Europe ;  it  ripens  at  an  elevation  of  7600  feet  in  low  latitudes,  and 
in  the  lower  Pyrenees  at  the  height  of  3289  feet.^ 

The  flora  of  each  West  Indian  island  is  similar  to  that  of  the 
continent  opposite  to  it.  The  Myrtus  pimento,  producing  allspice, 
the  Custard-apple,  Guava,  Alligator  pear,  and  Tobacco  are  indige- 
nous. 

FLORA  OF  TROPICAL  AMERICA. 

§  3.  The  flora  of  tropical  America  is  so  varied  that  it  is  not 
possible  to  convey  an  idea  of  the  peculiarities  of  this  vegetation,  or 
of  the  extent  and  richness  of  its  woodlands.  The  upper  Orinoco 
flows  for  some  hundreds  of  miles  chiefly  through  forests ;  and  the 
forests  of  the  Amazons  are  six  times  the  size  of  France.  In  these 
(he  trees  are  colossal,  and  the  vegetation  so  matted  together  by 

*  In  the  island  of  Titicaca,  in  Peni-Bolivia,  Mr.  Pentlond  has  seen  a 
variety  of  maize  ripen  as  high  as  12,800  feet.    . 
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UDilernood,  creeping  and  parasitical  plants,  that  the  sun's  rays 
can  ^scarcely  peactraM  the  dense  foliage. 

IheRe  extensive  foroHts  are  by  no  means  uniform ;  they  differ  to 
some  BiLtcnt  on  each  side  of  the  equator,  though  climate  and  other 
circumstances  are  similar.  So  partial  is  this  splendid  vegetation, 
that  each  of  the  ^eat  rivers  has  many  species  peculiar  to  its  banks ; 
particular  families  of  plants  predominate  where  they  occur,  and 
change  tlie  appearance  of  the  forest,  1'hus,  from  tlie  prevalence  of 
the  iinlers  Laurincce,  Sapotacete,  and  others,  which  have  leathery, 
shining',  and  entire  luavea,  the  forests  tiironsh  which  the  Rio  Neiro, 
Cassiqiiiare,  and  Atabapo  flow,  differ  in  aspect  from  those  on  the 
other  afllucnta  of  the  Amazon.  Even  Che  graxsy  llanoB,  so  uniform 
in  ap|icarauce,  have  their  centres  of  vegetation,  and  only  agree  with 
the  |}am|>as  of  Buenos  Ayres  in  being  covered  with  grass  and  herbs. 

On  the  Andes,  almost  at  the  limit  of  vegetation,  the  ground  is 
covered  with  purple,  azure,  and  scarlet  (.icntians,  Urabas,  Alche- 
millaa,  and  many  other  brilliantly  coloured  alpine  plants.  This 
zone  is  followed  by  thickets  of  coriaceous-leaved  plants,  in  ]ier]>etMal 
bloom  and  verdure;  and  then  come  the  forest-trees.  Arborescent 
ferns  ascend  to  TOGO  feet;  the  coffee-trees  and  palms  to  5000;  and 
neither  indigo  nor  cacao  can  be  cultivated  higher  than  ^000.  The 
tree  yielding  cacao,  of  which  chocolate  is  made,  grows  wild  in 
Guiana,  Mexico,  in  Che  inland  forests  of  Peru  and  Bolivia,  and  on 
the  coast  of  Venezuela ;  it  is  now  cultivated  in  Central  and  South 
America,  and  in  the  Philippine  Islands,  where  it  was  introduced  by 
the  ISjmniards.  '["he  seeds  of  its  fruit,  which  is  like  a  cucumber, 
are  the  cacao  or  chocolate  bean. 

Many  jiarts  of  the  coast  of  Venezuela  and  Ouiana  are  rendered 
pestilential  by  swiimjis  covered  with  mangroves.  The  well-known 
jic)ison  Ovirari  or  Wourali  is  prepared  by  the  Indians  of  Guiana  from 
the  fruit  and  bark  of  the  Strychnos  toxicaria,  probably  the  most 
dcailly  plant  which  nature  has  proiluced.  It  is  a  creeping  plant 
which  yields  this  deadly  juice,  the  powerful  effect  of  which  was 
first  phived  by  Mr.  Waterton'n  ex]ieriments. 

The  Cinchona,  or  true  bark-tree,  coUKisting  of  several  species,  in 
a  native  of  the  easlem  declivities  of  the  Andes,'  but,  under  the 
■lirecti<'ii  of  the   Dutch  ji^uvcniment,  it  has  been   tratisplanteil  to 

'  Dr.  Wiwldcll,  n  very  di,<ting«i~hivl  Kn([lish  biitaaist,  employed  by  Ihe 
Fn-ach  giiriTDincat,  who  has  explorrd  tliv  dislricla  nioag  the  isutpin  de- 
clivities »r  tbe  Peru-Bill iiioa  Andes  which  fuini'^h  the  feruriaa  bnrli 
of  roinuiern!,  huo  diMuvi-red  srvvml  new  siieviei  of  (.'iuchonn,  lliu  (uul 
numlHT  of  wliiL-li,  accvrdiDg  tn  hia  very  interesting  nionugrHph,  now 
niiuiuiils  tn  3t.— (WAld^ll,  'llistoire  Naturelle  des  gninqutna^,^  1  vol. 
folio,  nve<:  :I4  ]iliinijh.!>,  Paris.  18.19.)  Ad.1  Mr.  Howard  hn  added  wnip 
muri!  in  hia  additions  to  the  '  (juinoiogia '  ofPaToD. 
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Java,  where  it  is  now  cultivated,  and  still  more  recently  by  ICr.  C.  R. 
Markham,  acting  under  the  orders  of  the  Council  of  India,  into  the 
hilly  countries  of  southern  India,  and  into  Jamaica.^  Some  of  its 
medicinal  qualities  are  found  in  other  plants  of  different  genera  in 
Guiana,  as  the  Cusparia,  which  produces  the  Angostuis  bariL 
The  Sapindus  saponarius,  or  soap-tree,  is  used  by  the  natives  for 
washing.  Capsicum,  vanilla,  and  the  cassava  or  mandioca,  are 
natives  of  the  country.  Inhere  are  two  kinds  of  mandioca,  a  shnib 
whose  fleshy  roots  yield  a  farina  eaten  by  the  natives  of  Spanish 
America  and  Brazil :  the  root  of  one  (called  Yuca  in  Peru)  is  harm- 
lesH,  but  the  other  (Manihot  utilissima)  contains  a  poisonous  milky 
juice,  the  effects  of  which  are  removed  by  the  washing  or  jnessiue 
of  the  pulp.  From  the  starch  of  the  latter,  tapioca  is  prepared. 
It  grows  to  about  30°  on  each  side  of  the  equator,  and  to  3200  feet 
above  the  sea-level.  An  acre  of  mandioca  is  said  to  yield  as  much 
nourishment  as  six  acres  of  wheat. 

The  arrowroot-plant  is  a  native  of  the  West  India  Islands,  from 
which  it  has  been  transported  to  the  East  Indies  and  Ceylon.  The 
flour  is  the  produce  of  the  roots  of  the  Maranta  anindinacea  and 
M.  Indica,  natives  of  Bermuda  and  Jamaica.  The  substance  owes 
its  English  name  to  the  belief  that  the  juice  of  the  Marantas  is  an 
antidote  to  the  poison  of  the  arrows  of  the  Indians.  The  cow-tree, 
almost  confined  to  the  mountains  of  the  coast  of  Venezuela,  yields 
an  abundance  of  nutritious  milky  juice  like  that  of  a  cow,  which 
is  preserved  in  gourds.  The  Theobroma?,  or  cacao-trees,  fruits  of 
the  most  excellent  flavour,  and  plants  yielding  balsam,  resin,  and 
ginn,  are  numerous  in  the  tropical  regions.  There  the  laurel  tribe 
assume  the  character  of  majestic  trees ;  some  are  so  rich  in  oil,  that 
it  gushes  from  a  wound  in  the  bark.  One  of  these  laurels  {noduoes 
the  essential  oil  which  dissolves  caoutchouc,  or  Indian  rubber,  used 
in  rendering  cloth  waterproof. 

Palms  are  the  most  numerous  and  the  most  beautiful  of  all  the 
trees  in  these  countries.  There  are  several  hundred  species  of  them ; 
and  they  are  so  local  that  a  change  takes  place  every  50  miles. 
Tliey  are  the  greatest  ornament  of  the  upper  Orinoco. 

The  llanos  of  Venezuela  and  Guiana  are  covered  with  high  grass, 
mixed  with  lilies  and  other  bulbous  flowers,  sensitive  mimosas,  and 
[Milms  constantly  varying  in  species. 

No  language  can  describe  the  glory  of  the  forests  of  the  Amaxon 
and  Brazil,  the  endless  variety  of  form,  the  contrasts  of  colour  and 
size :  there  even  the  largest  trees  bear  brilliant  blossoms ;  scarlet. 


*  See  Mr.  Markham*s  *  Travels  in  Peru  and  India  while  superintending 
the  Collection  of  Cinchona  Plants  and  Seeds  in  South  America,  and  their 
Introduction  into  India.' 
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purple,  blue,  roee-colour,  and  golden  yellow,  are  blended  with  every 
possible  shade  of  green.  Majestic  trees,  as  the  Bombax  ceiba  (or 
silk-cotton  tree),  the  dark-leaved  mora  with  its  white  blossoms, 
the  fig,  cashew,  and  mimosa  tribes,  which  are  here  of  unwonted 
dimensions,  and  a  thousand  other  giants  of  the  forest,  are  contrasted 
with  the  graceful  palm,  the  delicate  acacia,  reeds  of  100  feet  high, 
grasses  of  40,  and  tree-ferns.  Passifloraa  and  slender  creepers  twine 
round  the  lower  plants,  while  others  as  thick  as  cables  climb  the  lofty 
trees,  drop  again  to  the  ground,  rise  anew,  and  stretch  from  bough  to 
bough,  wreathed  with  their  own  leaves  and  flowers,  yet  intermixed 
with  the  vividly-coloured  blossoms  of  the  OrchideaB.  It  may  here 
be  remarked  that  one  of  the  most  noticeable  features  in  tropical 
forests  is  their  prevailing  greenness,  for  the  leaves  do  not  change  their 
colours  as  in  extra-tropical  countries.  Magnificent  blossoms  do  occur, 
but  there  is  no  blaze  of  gorgeous  colouring.  An  impenetrable  and 
everlasting  vegetation  covers  the  ground ;  decay  and  death  are  con- 
cealed by  the  exuberance  of  life ;  the  trees  are  loaded  with  parasites 
while  alive — they  become  masses  of  living  plants  when  they  die. 
Here  too  occurs  the  Siphonia  elastica,  that  invaluable  tree  whofle 
juice,  known  under  the  name  of  India  rubber,  has  become  one  of 
the  most  imixjrtant  substances  in  commerce. 

The  forests  on  the  banks  of  the  Paraguay  and  Vermejo  are  almost 
as  rich  as  those  of  the  tropics.  Noble  trees  furnish  timber  and 
fruit ;  the  algaroba,  a  kind  of  acacia,  produces  clusters  of  a  bean  of 
which  the  Indians  make  bread,  and  also  a  strong  fermented  liquor; 
forests  of  the  Copernicia  cerifera,  or  wax-palm,  grow  there  ;  and  so 
does  the  yerba-mat4,  the  leaves  and  twigs  of  which  are  universally 
used  as  tea  in  South  America,  and  were  in  use  before  the  Spanish 
conquest.     It  is  a  species  of  holly,  with  leaves  three  inches  long. 

The  sandy  deserts  towards  the  mountains  are  the  land  of  the 
cactus  in  all  its  varieties.  Some  larger  species  of  cactus  give  a  light 
and  durable  timber  for  building ;  and  the  cochineal  insect,  which 
feeds  on  one  of  them,  is  a  valuable  article  of  commerce. 

FLORA  OF  EXTRATBOPICAL  SOUTH  AMEBICA. 

§  4.  Grass,  clover,  European  and  African  thistles,  which  have  been 
introduced,  are  the  almost  unvarying  features  of  the  pampas ;  and 
thorny  stunted  bushes,  characteristic  of  all  deserts,  are  the  only 
vegetation  of  the  Patagonian  shingle.  But  in  the  mountain  valleys 
in  the  far  S.  may  be  seen  the  winter's  bark,  beech-trees,  stunted 
berberries,  and  numerous  trees  and  shrubs. 

Large  forests  of  Araucaria  imbricata  grow  on  the  sides  of  the 
Andes  of  Chili  and  Pata;^onia.  This  tall  and  handsome  pine,  with 
cones  the  size  of  a  child's  head,  supplies  the  natives  with  a  great 
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[art  of  their  fond.      It  is  Baid  that  the  Iruit  of  oae  large  treo  « 
maintain  eighteen  persoiu  for  a  ;ear. 

Ncitliing  grows  under  these  great  forests;  aud  when  accideuta 
burnt  down  in  the  inountaiDous  parts  of  rsta>!on[a,  they  never  ri 
again,  hut  the  ground  thej  grow  on  ia  soon  covered  with  an  impenMK  ■ 
trablo  brushwood  of  other  plants.    In  Chili  the  violently  atiugue  | 
Loaseapiwars  first  in  these  burnt  places,  buiihcs  grow  aft«rwarda,a]i4 
then  comes  a  tree-gias8,  18  feet  hi^h,  of  which  the  Indians  males 
tboir  huts.    The  vegctatiun  that  spriiuig  up  after  the  burning  of  ao- 
called  primiFval  forests  ia  account*d  for  by  sonio  on  the  hypothetia 
that  seeds  of  the  plants  in  question  had  remained  for  tL^jem  buried  in 
the  soil,  but  by  more  cautious  uaturalisl«  it  is  attributed  t^i  the 
a^ncy  of  tbo  animal  croatiou  and  winds,  which  arc  ever  transport- 
ing aeeds  to  lovalitios  favourable  to  their  propagation.     The  fdrnier 
is  probably  the  true  eiplanation,  for  iu  tlio  first  instance  the  vege- 
tation is  of  one  Biivcica,  as  the  Loasa  iu  Cliili,  and  it  is  well  knows  , 
that  seeds  will  germiuato  after  being  kept  for  a^es. 

The  southern  coasts  of  Chili  are  very  barren,  and  all  plants  exist-  1 
tag  there,  even  the  herbaceous,  have  a  tendency  to  assiiu 
knotty  texture.    The  stem  of  the  wild  potato,  which  is  indigenous  4 
in  Chili,  becomes  woody  aa  it  grows  old.     It  is  a  native  of  the  ai 
strand,  and  is  never  found  natntally  more  than  400  fo«t  above  it>  i 
In  ita  wild  stat«  the  tuber  is  amtJI  and  bitt«r;  it  is  one  of  many 
instances  of  tho  infiuence  of  cultivation  in  randoring  unpmniiiing,  ^ 
plants  usefol  to  man.     It  was  cultivated  in  America  at  the  ti 
iu  discovery,  and  is  no  now,  at  the  height  of  from  9K00  to  13,000  I 
foot  alwvo  the  sea  on  the  Andes,  ami  as  high  as  4900  feet  on  tl 
Swiss  Alps ;  it  rarely  suocmds  on  the  plains  in  hot  countries,  a 
farther  N,  than  Iceland.     It  hud  been  introduced  into  Europe  faj 
the  Spaniarda  before  the  time  of  Sir  Walter  Raleigh ;  b(i  brought  it  I 
to  England  from  Virginia  in  158^.  f 

Coca,  the  Erythroxylon  coca  of  botanists,  is  anativeof  the  tropical  j 
valleys  on  the  eastent  declivity  of  the  Andes  of  I'cru  and  Bolivia,  J 
where  it  is  extensively  cultivated  for  its  leaf,  of  which  the  treu  far-  f 
niahes  three  or  fgnr  crops  annually ;  the  coca-leaf  is  cLtrweil  by  th*  t 
uborigines  mixed  with  Oi  alkaline  suhstsnce :  it  acta  as  a  stimulant  I 
likcopium;  it  la  an  articleofgreat  trade,  being  used  by  the  aboriginal  i 
population  of  the  Andes  and  the  Upper  Amazons. 

Between  the  southern  paialleb  of  38°  and  iSi'^  Chili  is  covend^.l 
with  extensive  forests — stately  trees  of  many  kinds,  having  smootli  I 
and  brightly -coloured  trunks  bound  together  by  parasitical  plautai'  1 
largeandelc^nt  ferns  are  nunier(iUB,sjidarbore8cent  grasses  entwiM  1 
the  trees  to  the  height  of  20  or  30  feet ;  palm-trees  grow  to  the  3Tth  J 
parallel  of  latitude,  which  appears  tu  bo  their  southern  limit. 

Although  tha  tuira,  at  aa  elevation  of  9000  feet  on  the  ChiliuiJ| 
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Andes,  li  almost  identical  with  that  about  the  Strait  of  Magellui, 
yet  the  ctimate  is  so  mild  in  some  valleys,  that  of  Antuco  for 
example,  tliat  the  vegetation  is  semi-tropical.  In  it  broad-leaved 
and  brii;ht-coloured  plants,  and  the  most  fragrant  and  brilliant 
Orcliidc^,  are  mixed  with  the  usual  alpine  genera. 

The  humidity  or  dryness  of  the  prevailing  winds  makes  an 
immense  diOiireiice  in  the  character  of  the  countriea  on  each  side  of 
the  Andes.  Within  the  southern  tropic  the  trade-winds  come 
londtil  with  vapour  from  the  Atlantic,  which  is  partly  precipitated 
by  the  mountains  of  Itrazil,  and  supplies  the  noble  forests  of  that 
country  with  never-ceasing  moisture,  while  the  remainder  is  con- 
dense<l  by  the  Andes ;  so  that  on  their  eaatem  side  there  is  an 
exuberant  vegetation,  while  on  the  western  declivities  and  in  the 
space  which  sejiarstcs  them  from  tbe  Pacific  the  land  is  almost 
barren,  and  on  the  plains  and  in  the  valleys  of  I'eni,  where  rain 
very  seldom  falls,  completely  so,  except  where  artificial  irrigation  is 
employed.  Even  on  tbe  eastern  aide  of  these  mountains  the  rich- 
ness of  the  vegetation  gradually  disappears  with  the  increasing 
height,  till  at  an  elevation  of  about  15,000  feet  arborescent  plants 
vanish,  and  alpine  races,  of  the  most  vivid  beauty,  succeed ;  these 
in  thrir  turn  give  place  to  grasses  at  the  height  of  16,000  feet. 
Above  that  limit  are  dreary  plains  where  even  tbe  thinly-scattered 
inosM'it  are  sickly ;  and  at  a  height  exceeding  20,000  feet  the  snow- 
lichen  forms  tho  last  show  of  vegetable  life  on  the  rocky  peaks  pro- 
jecting from  tbe  snow. 


§  5,  Kcrguelen  Land  and  Tierra  del  Fuego  are  the  northern 
boundary  of  tbe  antarctic  lands,  which  are  scattered  round  the  8. 
l)ole  at  immense  distances  from  one  another.  On  these  the  vegeta- 
tion  decreaws  as  the  latitude  increases,  till  all  but  utter  desolation 
prevails,  long  before  reaching  tbe  Polar  circle  ;  beyond  this  not 
a  lichen  covers  the  dreary  storm-beaten  rocks ;  and,  with  the  ex- 
ception of  a  few  microscopic  marine  plants,  not  a  sea-weed  Uvea  in 
the  gelid  waves.  In  the  arctic  regions,  on  the  contrary,  no  land 
has  yt't  been  discovered  that  ia  entirely  destitute  of  vegetable  life 
.  I'his  remarkable  dilTcrencc  docs  not  so  much  depend  on  a  greater 
degree  of  cold  in  winter  as  on  the  want  of  warmth  in  summer.  In 
the  high  northern  lalitudcs  the  power  of  the  summer  sun  is  so  great 
as  to  melt  the  pitch  l«tween  tbe  planks  of  tbe  vessels ;  while  in  cor- 
resjioniliug  soutlu-m  latitudes  tho  thermometer  does  not  rise  above 
14°  Fahr.  at  noon  at  a  season  corresponding  to  our  August.  The 
per)ictual  snow  reaches  to  a  much  lower  latitude  in  the  sonthem 
lands  than  it  does  in  the  N.    Sandwich-Land,  in  a  latitude  Qon«b- 


422  PHYSICAL  GEOGRAPHY.  Chap.  XXIX 

ponding  to  that  of  the  N.  of  Scotland,  is  in  parts  perpetually  coverec 
with  snow.  A  single  species  of  grass,  the  Aira  antarctica,  is  the  odIj 
flowering  plant  in  the  South  Shetland  group,  which  is  no  lea 
ice-bound ;  and  Cockbum  Island,  which  forms  a  part  of  it,  in  thi 
60th  parallel,  contains  the  last  vestiges  of  vegetation ;  while  the 
Shetlands  in  our  hemisphere,  in  an  equally  high  latitude,  are  in- 
habited and  cultivated :  nay.  South  Georgia,  in  a  latitude  similai 
to  that  of  Yorkshire,  is  always  clad  in  frozen  snow,  and  only  pio- 
duces  some  mosses,  lichens,  and  one  or  two  herbaceous  fJants; 
while  Iceland,  10  degrees  nearer  the  pole,  has  870  species,  men 
than  half  of  which  are  flower- bearing. 

The  forest-covered  islands  of  Tierra  del  Fuego  are  only  360  milei 
from  the  desolate  South  Shetland  group :  such  is  the  difference  that 
a  few  degrees  of  latitude  can  produce  in  these  antarctic  regions, 
when  combined  with  an  equable  climate  and  excessive  humidity. 
The  prevalence  of  evergreen  plants  is  the  most  characteristic  feature 
in  the  Fuegian  flora.  Densely  tangled  forests  of  beech-trees  grow 
from  the  shore  to  a  considerable  height  on  the  mountains.  Of  these 
the  Fagus  betuloides,  which  never  loses  its  leaves,  prevails  almost 
to  the  exclusion  of  the  evergreen  winter's  bark  and  the  deciduocu 
beech,  which  is  very  beautiful.  There  are  dwarf  species  of  Per- 
nettya,  the  Mjrrtus  nummularia,  which  is  used  instead  of  tea., 
besides  berberry,  currant,  and  fuchsia ;  peculiar  species  of  Ranun- 
culus, Calceolarias,  Caryophylle»,  cruciform  plants,  and  violets. 
Wild  celery  and  scurvy-grass  are  abundant ;  and  a  bright  yello^p 
fungus,  which  grows  on  the  beech-trees,  forms  a  great  part  of  the 
food  of  the  natives.  There  is  a  greater  number  of  plants  ii 
Tierra  del  Fuego  either  identical  with  those  in  Great  Britain,  oi 
representatives  of  them,  than  exists  in  any  other  country  in  th< 
southern  hemisphere.  The  sea  pink,  or  thrift,  the  common  crow- 
berry-wort.  Primula  farinosa,  and  at  least  30  other  flowering  plants 
with  almost  all  the  lichens,  48  mosses,  and  many  other  plants  ol 
the  cryptogamous  kind,  are  identical,  while  a  number  of  genen 
common  to  both  countries,  though  unknown  in  the  intermediate 
latitudes,  reappear  here.  An  alpine  flora,  many  of  the  speciee 
of  European  genera,  grows  on  the  mountains,  succeeded  higher  uf 
by  mosses  and  lichens. 

Although  the  Falkland  Islands  are  in  a  lower  latitude  than  Tierra 
del  Fuego,  not  a  tree  is  to  be  seen.  The  Veronica  elliptica,  resem- 
bling a  myrtle,  which  is  extremely  rare  and  confined  to  West  Falk- 
land, is  the  only  large  shrub.  A  white-flowering  plant  like  the 
aster,  about  four  feet  high,  is  common ;  while  a  bramble,  a  crow- 
berry,  and  a  myrtle,  bearing  no  resemblance,  however,  to  the 
European  species,  trail  on  the  ground  and  afford  edible  fruit.  The 
bog  balsam,  or  Bolax  glebaria,  and  the  Dactylis  ca^spitosa,  or  toasao 
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grass,  form  the  only  conspicuous  features  in  the  botany  of  these 
islands,  and  grasses  cover  them,  almost  to  the  exclusion  of  other 
plants.  The  bolax  grows  in  tufted  hemispherical  masses,  of  a  yellow- 
green  colour  and  very  firm  substance,  often  four  feet  high,  and  as 
many  in  diameter,  whence  a  strong-smelling  resinous  substance 
exudes,  the  odour  of  which  is  perceptible  at  a  distance.  This  plant 
has  umbelliferous  flowers,  but  forms  an  alpine  and  antarctic  genus 
quite  peculiar. 

The  tussac  grass  is  the  most  useful  and  the  most  singular 
plant  in  this  flora.  It  covers  all  the  small  islands  of  the  group, 
and  thrives  best  on  the  shores  exposed  to  the  spray  of  the  sea. 
Each  tussac  is  an  isolated  plant,  occupying  about  two  square  yards 
of  ground.  It  forms  a  hillock  of  matted  roots,  rising  straight  and 
solitary  out  of  the  soil,  often  six  feet  high  and  four  or  five  in 
diameter,  from  the  top  of  which  it  throws  out  a  thick  grassy  foliage 
of  blades,  six  feet  long,  drooping  on  all  sides,  and  forming,  with  the 
leaves  of  the  adjacent  plants,  an  arch  over  the  ground  beneath, 
which  yields  shelter  to  sea-lions,  penguins,  and  petrels.  Cattle  are 
exceedingly  fond  of  this  grass,  which  yields  annually  a  much 
<i^eater  supply  of  excellent  fodder  than  the  same  extent  of  ground 
would  do  either  of  conmion  grass  or  clover.  Both  the  tussac-grass  * 
and  the  bolax  are  found,  though  sparingly,  in  Tierra  del  Fuego; 
indeed,  the  vegetation  of  the  Falkland  Islands  consists  chiefly  of 
the  mountain  plants  of  that  country  and  of  those  that  grow  on  the 
arid  plains  of  Patagonia ;  but  it  is  kept  close  to  the  ground  by  the 
fierceness  of  the  terrific  gales  that  sweep  over  these  antarctic  islands. 
Peculiar  species  of  European  genera  are  found  here,  as  a  wood- 
sorrel  and  a  yellow  violet ;  while  the  Cardamine  hirsuta,  and  the 
Primula  farinosa,  appe&r  to  be  identical  with  those  at  home.  In 
all,  there  are  scarcely  120  flowering  plants,  including  grasses. 
Ferns  and  mosses  are  few,  but  lichens  are  in  great  variety  and 
abundance,  among  which  many  are  identical  with  those  in  Britain. 

The  flora  of  Campbell's  Island  and  the  Auckland  group  is  so  inti- 
mately allied  to  that  of  New  Zealand,  that  it  may  be  regarded  as  the 
continuation  of  the  latter,  under  an  antarctic  character,  though 
destitute  of  the  beech  and  pine  trees.  There  is  a  considerable 
number  of  Fuegian  plants  in  the  islands  under  consideration,  though 
they  are  4000  miles  distant ;  and  whenever  their  flora  diff'ers  in  the 
smaller  plants  from  that  of  New  Zealand,  it  approximates  to  that 
of  Antarctic  America ;    but  the  trees  and  shrubs  are  entirely  dia- 


*  The  cultivation  of  this  useful  plant  has  been  introduced  into  some  of 
the  western  islands  of  Scotland,  especially  Levris,  by  the  praiseworthy  eflbrtt 
of  its  proprietor,  Sir  James  Matheson,  M.P.  It  thrives  well  in  peaty 
soils  within  the  influence  of  the  sea-spray. 
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similar.  Ilie  relation  between  this  vegetation  and  that  of  tlie 
northern  regions  is  but  slight.  The  Auckland  group  and  Camp- 
beirs  Island  are  in  a  latitude  corresponding  to  that  of  England,  jel 
only  three  indigenous  plants  of  our  island  have  been  found  in  them, 
namely,  the  Cardamine  hirsuta,  Montia,  and  Callitriche.  Thisii 
the  utmost  southern  limit  of  tree-ferns. 

The  Auckland  Islands  lie  in  the  boisterous  ocean  S.  of  New 
Zealand.  Thoy  are  covered  with  dense  and  all  but  impenetrable 
thickets  of  stunted  trees,  or  rather  shnibs,  about  20  or  30  feet  hi^ 
gnarled  by  gales  from  a  stonny  sea.  There  is  nothing  analogous  to 
these  shrubs  in  the  northern  hemisphere ;  but  the  Veronica  elliptica, 
a  native  of  Tierra  del  Fuego  and  New  Zealand,  is  one  of  them. 
Fifteen  species  of  ferns  find  shelter  under  these  trees,  and  their 
fallen  trunks  are  covered  with  mosses  and  lichens.  Eighty  iiower- 
iug  plants  were  found  during  the  stay  of  the  Antarctic  expedition, 
of  which  56  were  then  new  to  science ;  many  are  peculiar  to  this 
grouj)  and  to  Campbell's  Island,  but  the  greater  proportion  are 
natives  of  the  mountains  of  New  Zealand.  Some  of  the  most 
beautiful  flowers  grow  on  the  mountains,  others  are  mixed  with  the 
fenis  in  the  forests.  A  beautiful  plant  was  discovered,  like  a  purple 
aster ;  a  veronica,  with  large  spikes  of  ultramarine  colour ;  a  white 
one,  with  a  i)erfume  like  jessamine;  a  sweet-smelling  alpine 
Hierochlue ;  and  in  some  of  the  valleys  the  fragrant  and  bright- 
yellow  blossoms  of  a  species  of  asphodel  were  so  abundant  as  to  be 
visible  to  ships  sailing  along  the  coast.  There  are  also  antarctic 
species  of  European  genera,  as  beautiful  red  and  white  gentiansi 
geraniimis,  &c.  The  landscape,  though  picturesque,  has  a  sombre 
aspect,  from  the  prevalence  of  brown  dark  evergreen-leaved  plants. 

Campbeirs  Island  lies  120  miles  to  the  S.  bf  the  Auckland  groups 
and  is  much  smaller,  but  from  the  more  varied  form  of  its  sur£ftoe 
it  is  supjwsed  to  produce  as  many  s|)ecies  of  plants.  During  the 
two  days  the  discovery  ships  under  the  command  of  Sir  James 
Boss  remained  there,  between  200  and  300  were  collected :  of  these 
6(i  were  flowering  plants,  and  14  were  peculiar  to  the  country. 
Many  of  the  Auckland  Island  plants  were  found  here,  yet  a  great 
change  had  taken  place;  34  s])ecies  had  disap])eared,  and  were 
replaced  by  20  new,  all  peculiar  to  Campbell's  Island,  and  satnn 
were  found  that  hitherto  had  been  supposed  to  belong  to  Antarctic 
America  only. 

Perhaps  no  spot  in  either  hemisphere,  at  the  same  distance  from 
the  Pole,  is  more  barren  than  Kerguelen  Land,  lying  in  a  remote 
part  of  the  south  polar  ocean.  Only  18  si)ecies  of  flowering  plants 
were  found  there,  which  is  less  than  tlie  number  in  Melville  Island, 
in  the  Arctic  Seas,  and  three  times  less  than  the  number  in  Spits- 
bergen.    The  whole  known  vegetation  of  this  island  only  amounts 
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to  150  plants,  including  seaweeds.  The  Pringlea,  a  kind  of  cab- 
bage, acceptable  to  those  who  have  been  long  at  sea,  is  peculiar  to 
the  island,  and  grass,  together  with  a  plant  similar  to  the  bolax  of 
the  Falkland  Islands,  covers  large  tracts.  About  20  mosses,  lichens, 
&c.,  only  are  found  in  this  island,  but  many  of  the  others  are  also 
native  in  the  European  Alps  and  north  polar  regions.  It  is  a  very 
remarkable  circumstance  in  the  distribution  of  plants,  that  there 
should  be  so  much  analogy  between  the  floras  of  places  so  far  apart 
as  Kerguelen  Land,  the  groups  S.  of  New  Zealand,  the  Falkland 
Islands,  South  Georgia,  and  Tierra  del  Fuego. 


ORIGIN   AND  DISTRIBUTION  OF   CEREALIA. 

§  6.  The  plants  which  the  earth  produces  spontaneously  are  con- 
fined within  certain  districts;  nevertheless  Providence  has  endowed 
those  most  essential  to  man  with  so  much  power  of  adapting  them- 
selves to  changes  of  climate  and  locality  that  the  limits  of  their 
production  can  be  extended  by  culture  beyond  what  have  been 
assigneil  to  them  by  nature.  The  grasses  yielding  the  grains  are 
especially  favoured  in  this  respect,  though  their  extension  depends 
upon  the  knowledge  and  industry  of  man ;  so  that  with  regard  to 
useful  plants  there  is  an  artificial  as  well  as  a  natural  boundary 
The  cultivation  of  plants  in  gardens  and  hot-houses  is  entirely  arti- 
ficial, and  dei)ends  on  luxury  and  fashion. 

Tartary  and  Persia  are  presumed  to  have  been  the  original  coun- 
tries of  wheat  and  rye,  and  the  Caucasus  that  of  oats ;  but  these 
grains  have  been  so  long  in  use  that  it  is  impossible  to  trace  their 
origin  with  certainty.  In  high  northern  latitudes  wheat  is  pro- 
tected from  the  inclemency  of  winter  by  sowing  it  in  spring,  or  if 
sown  in  autumn  a  coating  of  snow  defends  it :  the  polar  limit  is  the 
isotheniial  line  of  67°  2',  and  wheat  will  not  form  seed  within 
the  tropics,  except  at  a  considerable  height  .above  the  sea.  In 
America  the  northern  limit  is  unknown,  the  country  being  unin- 
habited; but  at  Cumberland  House,  in  the  very  middle  of  the 
continent,  one  of  the  stations  of  the  Hudson  Bay  Company,  in 
64"  N.  lat.,  wheat,  barley,  and  maize  are  grown.  Wheat  thrivee 
luxuriantly  in  Chili  and  Peni,  and  at  elevations  of  8500  and  10,000 
feet  above  the  sea.  It  even  produces  grain  on  the  banks  of  the 
lake  Titicaca,  in  the  Peru-Bolivian  Andes,  at  the  absolute  height  of 
12,000  feet,  in  sheltered  situations,  and  good  crops  of  barley  are 
raised  in  that  elevated  region. 

Barley  Ix'ars  cold  l)etter  than  any  of  the  grains,  yet  neither  it 
nor  any  other  will  grow  in  Iceland.  It  is  successfully  cultivated  in 
the  Faroe  Islands  ;  near  North  Cape,  the  extreme  point  of  Nomti^ 
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nuM  Archan^l  on  the  Wbit«  Sen ;  and  in  Central  Siberia 
5B°  and  59°  N.  lat. 

Rye  ia  only  cultivated  where  the  soil  is  very  poor,  And  ftgricnll 
little  andentood ;  yet  a  third  of  the  populatiun  of  Euro]*  ti< 
rjcbread,  chie6y  ioliabitants  of  the  middle  and  especially  of  tbe 
□ortheni  parts:  its  limit  i»  about  the  6Tth  parallel  of  N.  latitude. 

Oata  are  scarcely  known  !□  middle  and  aouthem  Europe ;  in  tbe 
N.  tbey  are  eitensively  cultivated  lo  the  66th  degree  of  N.  lati- 
tude. 

Rice  i»  the  foo<l  of  a  greater  number  of  human  bein^B  than  any 
other  grain:  it  has  been  cultirated  from  such  high  antiquity  that 
all  traces  of  its  orii^  are  lost.  It  contains  less  nutritious  matter 
than  any  of  the  Corcslia,  nnd,  since  it  requires  excessive  moiBtUTB, 
and  a  tcmpcratun.'  of  73°'  4  at  lenst,  its  cultivation  is  limited  ta 
countries  between  the  equator  and  the  45th  panillel. 

Indian  com  and  millet  are  much  cultivated  in  Europe  S.  of  the 
46th  and  4Tth  parallels,  and  fomi  important  aiticlea  of  food  in 
France,  Italy,  Africa,  India,  and  America.  Buckwheat  is  ex- 
tensively cultivated  in  northern  Europe  and  Siberia,  and  in  central 
Asia;  it  ia  a  native  of  Asia,  wbcuce  it  was  brought  into  Europe 
in  the  ISth  century. 

The  Cercalia  afford  remarkable  examples  of  nuraberless  varietiea 
arisiug  from  the  seed  of  ouo  speciea.  In  Ceylon  alone  there  are  160 
varieties  of  rice,  and  at  loaat  30  of  millet.  The  endlesis  variety 
which  may  Iw  raised  from  the  «eed  of  one  plant  ismoroctina|iicuoua 
in  the  flower-garden:  the  rose  affords  above  1400;  the  varietieeof 
the  pansy,  calceolaria,  tulip,  anricula,  and  primrose  are  without  end, 
and  ofteu  differ  so  much  from  the  parent  plaut  that  it  seems  almost 
impossible  tbey  should  have  had  a  common  origin;  it  aeems 
difficult  to  believe  that  red  cabbie,  cauliflower,  and  many  otbera 
ahould  have  sprung  from  the  Brassica  oleraoea,  ao  totally  dissimilar 
from  any  of  them,  with  its  bitter  sea-green  curly  leaves.  Fasbioii 
changes  »o  much  with  reg^d  to  plauts  that  it  is  scarcely  possible 
to  form  even  an  approximation  lo  the  number  known  to  be  in 
cultivation ;  new  phuits  are  introduced  from  a  foreign  country,  and 
are  apt  to  take  the  place  of  some  of  the  older,  which  are  neglected 
and  sometimes  lost ;  of  120,000  jrfanta  which  are  known  to  exist 
on  the  earth,  not  mora  than  15,000  are  believed  to  be  in  cultivation. 

It  is  supposed  that  plants  capable  of  bearing  a  great  range  of 
temperature  would  exist  through  longer  geolt^cal  periods  than 
those  more  limited  in  their  endurance  of  vicissitudes  of  heat  and 
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of  the  previouB  jear,  the  a^e  of  a  tree  ma;  be  ascertained  by  coont- 
tD°  the  number  of  rings  in  a  transTerse  section  of  tbe  tniuk,  each 
ring  representing  a  year.  Moreover  the  prepress  of  tbe  growth  is 
known  by  comparinfc  the  breadth  of  tho  rings,  which  are  broader 
in  a  favourable  than  in  an  unfavourable  season,  though  this  may 
de[icad  also  in  some  measure  on  the  quality  of  the  soil  which  the 
routs  have  come  to  in  their  downward  growth.  If  the  number  of 
concentric  ringn  in  a  transverse  section  has  shown  tbe  age  of  a  tree, 
and  itH  girtli  has  been  ascertained  by  measurement,  an  a)>prozima- 
tion  to  the  age  of  any  other  tree  of  the  same  kind  still  growing, 
under  similar  circumstances,  may  be  determined  by  comparison. 
In  this  way  the  ^e  of  many  remarkable  trees  has  been  ascertained. 
The  yew  attains  a  greater  age  than  any  other  tree  in  Europe.  Ac- 
Clinliii^  til  M.  dc  Candolle  this  tree  increases  in  girth  the  twelfth 
part  of  an  inch  in  a  year  during  the  first  150  years,  and  rather  leas 
in  t)ie  next  100,  the  increase  probably  decreasing  progressively. 
Ily  that  estimate  a  yew  at  Fountains  Abbey  was  reckoned  to  be 
1214  years  old  ;  one  at  Crowhurst,  in  SiirTey,'waa  1400  years  old 
when  measured  by  Evelyn  ;  it  has  been  shown  by  the  same  method 
that  A  yew  at  Fortingal,  in  Scotland,  was  between  2500  and  2600 
years  old ;  and  one  at  iSrabum,  in  Kent,  must  have  been  3000  years 
old  :  these  are  tho  veterans  of  European  vegetation.' 

The  cypress  rivals  the  yew  in  longevity,  and  may  perhaps  surpasa 
it.  There  is  a  cypress  in  the  palace  garden  at  Granada  which  was 
celebrated  in  the  time  of  the  Moors,  and  was  still  known,  in  the 
year  ITTIi.  as  Cipres  della  Pegina  Sultana,  because  a  sultana  met 
with  Abencerragcs  under  its  shade.  M.  Alphonse  de  Candolle 
estimates  a  deciduous  cypress  in  the  churchyard  of  Santa  Maria  de 
Tecia,  near  Oaxaca  in  Mexico,  to  be  6000  years  old,  Zuccarini  3572, 
and  Dr.  Lindley  only  870.  Oaks  come  next  in  order :  tiioy  are 
supiKised  Co  live  1!>00  m:  1600  years.  One  in  Welbcck  Lane,  men- 
tioned by  Kvelyn,  was  computed  to  be  1400  years  old.  Chestnut- 
trees  are  known  to  live  900  years ;  lime-trees  have  attaiued  500  or 
600  years  in  France;  and  birches  are  supposed  to  be  equally 
durable.  Some  of  the  smaller  and  less  conspicuous  European  plant! 
perhaps  rival  these  giants  of  the  forest  In  age.  Ivy  is  an  example 
of  this ;  there  Is  one  near  Montpellier,  six  feet  in  girth,  which  must 
be  485  years  old.  A  lichen  was  watched  for  40  years  without  the 
ajipearance  of  change. 

The  antiquity  of  these  European  trees  lias  been  supposed  to  be 

'  It  is  worthy  of  remark  Ihat  the  trwj  which  in  oor  temperale  UtiladM 
Btlain  ths  gr«steit  ige  brlnnj  t.i  the  fitoilj  of  th*  Conifer*,  which  hin 
furnishel  the  mMt  aDcient  veKvtsble  renmina  imiwded  in  tho  lEnti  which 
i«  DevDnian  sod  Carbo- 
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insignificant  when  compared  with  the  celebrated  Baobab,  or  Adaa- 
sonia  digitata,  in  Senegal ;  taking  as  a  measure  the  number  of 
concentric  rings  counted  on  a  transverse  incision  made  for  the 
pur|)ose  in  the  trunk  of  that  enormous  tree,  it  was  calculated  to  be 
5150  years  old.*  Baron  Humboldt  considered  a  cypress  in  the 
garden  of  Chapultepec  to  be  still  older ;  it  had  already  reached  a 
great  age  when  Montezuma  was  on  the  throne  of  Mexico,  in  1520. 
Eight  olive-trees  on  the  Mount  of  Olives  are  8Ui)ix)8ed  to  be  800 
years  old  ;  it  is  at  least  certain  that  they  existed  prior  to  the  taking 
of  Jenisiilem  by  the  Turks.  There  is  some  doubt  as  to  the  age  of 
the  largest  cedar  on  Lebanon ;  it  is  nine  feet  in  diameter,  and  has 
probably  existed  800  or  900  years. 

MARINE   VEQETATIOy. 

§  8.  A  vegetable  world  lies  hid  l>eneath  the  surface  of  the  ocean, 
altogether  unlike  that  on  land,  and  existing  under  circumstances 
totally  different  with  regard  to  light,  heat,  and  pressure,  yet  sus- 
tained by  the  same  means.  Carbonic  acid  is  as  essential,  and  metal- 
lic oxi«les  are  as  in(lisj)ensable,  to  marine  vegetation  as  they  are  to 
land-j)lants.  Sea-water  contains  a  minute  i)ro|X)rtion  of  carbonic 
acid  gas,*  an<l  something  more  than  a  twelve-thousandth  j>art  of  its 
weight  of  carlwnate  of  lime,  yet  that  is  sufficient  to  supi)ly  all  the 
shell-fish  and  coral-insects  in  the  sea  with  materials  for  their  habi- 
tations, as  well  as  fixnl  for  vegetation.  Marine  plants  are  more 
expert  chemists  than  we  are,  for  the  water  of  the  ocean  contains 
rather  less  than  a  millionth  part  of  its  weight  of  iodine,  which  they 


^  Doubts  have  been  expressed  by  some  eminent  botanists  regarding  the 
great  age  of  the  Adansonia  digitata :  the  opinion  given  in  the  text  is  that 
of  the  late  M.  de  Candolle,  who  says,  "The  baobab  is  the  most  celebrated 
instance  of  extreme  longevity  which  has  hitherto  been  noticed  with  any 
degree  of  accuracy ;  in  its  own  country  it  bears  a  name  which  signifies 
10(M)  years,  and,  contrary  to  what  is  usual,  this  name  expresses  what  in 
reality  is  short  of  the  truth."  Adanson  has  noticed  one  in  the  Cape  Verd 
Islands  which  had  been  ol>sen-cd  by  two  English  travellers  three  centuries 
earlier ;  he  found  within  its  trunk  the  inscription  they  had  engraved 
covered  over  by  .'ioO  woody  layers,  and  was  thus  enabled  to  estimate  the 
bulk  this  enormous  plant  had  increased  in  three  centuries;  it  was  on  such 
data  that  De  ('andolle  forme*!  his  opinion,  which  has  been  adopted  by 
Humboldt  and  other  eminent  naturalists,  and  from  which  we  see  no  reason 
to  differ. — See,  for  a  very  leame<i  view  of  the  contrary  opinion,  the 
*Ganlener's  Chronicle*  for  1849,  p.  340,  the  arguments  of  which  would 
probably  have  convinced  M.  de  Candolle,  who  was  not  aware  of  the  ex- 
cessively rapid  growth  and  soft  tissue  of  the  baobab,  nor  that  in  many 
tropical  trees  several  concentric  layers  of  wood  may  be  formed  in  one  year. 

'  M.  Laurens  ha^  found  3^  part  of  this  gas  in  the  water  of  the  Mediter- 
ranean. 
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collect  in  quantities  impossible  for  us  to  obtain  otherwise  than  from 
their  ashes. 

Seaweed*  fix  their  roots  to  anythinfc — to  stone,  wood,  and  to  other 
geaweeils;  they  must,  therefore  derive  all  their  nourishment  from 
the  water,  and  the  air  It  contains ;  and  the  vital  force  or  chemical 
encrjif  by  which  they  decompose  and  assimilate  the  substances  fit 
for  their  maintenance  is  the  BUn's  tight. 

Marine  plants,  which  arc  very  numerous,  consist  of  two  groups — 
a  jointed  kind,  which  include  the  Confervte,  or  plants  having  a 
thread-like  form  ;  and  a  jointless  kind,  to  which  belong  dulse,  laver, 
the  kinds  used  for  making  kelp,  iodine,  vegetable  glue,  and  all  the 
Ki«,'antic  si^cies  which  grow  in  submarine  forests,  or  float  like  ftreen 
meadows  in  the  open  sea.  Some  species  are  found  in  every  climate 
from  pi'lc  to  pole.  No  doubt  the  currents  at  the  surface,  and  the 
stratum  of  uniform  temperature  lower  down,  are  the  highways  by 
which  these  cosmopolites  travel. 

Marine  violation  follows  a  iliflerent  law  from  that  of  the  land,  for 
it  is  neither  hu  varied  in  form,  so  rich  in  colour,  nor  iu  such  abun- 
dance  between  the  tropics  as  in  the  temi)erate  zones,  and  there  are 
fewer  vesetablo  provinces  in  the  seas  than  on  shore,  because  the 
tcnijierature  is  mure  unifunn,  anil  the  dispersion  of  plants  is  not  so 
much  interfered  with  by  the  various  causes  which  disturb  it  on 

Marine  vegetation  varies  both  horirxintally  and  vertically  with  the 
dqith,  and  it  seems  to  be  a  general  law  throughout  the  ocean  that 
the  ligiit  of  the  sun  and  vegetation  cease  together ;  it  consequently 
dei>ends  on  the  {>ower  of  the  sun  and  the  transparency  of  the  water ; 
SQ  different  kinds  of  seaweeds  affect  different  depths,  where  the 
weight  of  the  water,  the  quantity  of  light  and  heat,  suit  them  best. 
One  great  marine  zone  lies  between  the  hi'j;h  and  low  water  marks, 
and  varies  in  siK-cies  with  the  nature  of  the  coasts,  but  exhibits 
similar  phenomena  throughout  the  northern  hemisphere.     In  the 

>  l>r<>f<.'s!»r  Harvcv  of  Dublin  h:v  divide)  the  tturine  vfi-eUtioD  iato 
Iu  [.rnviD«.>s :— Iht  Xrirth«rti  Ocesn,  from  the  Pole  to  the  60th  pirallel  of 
north  latitude i— the  North  AtUmtic,  between  the  tiOlh  and  40th  paralleti, 
which  is  the  pmiioce  of  the  didraueric  ami  fucua  [iroper ; — the  Meditcr- 
rane.iD.  which  is  ■  sub-regioik  of  the  wanner  tempemte  lune  of  the  AtUntle. 
lying  between  the  4lit]i  and  2:lnl  nurthern  luiralli^ls ; — the  liopiul  At- 
lantic, in  which  Mirgiusuni,  rhiidomeliH,  cnmllinia,  and  siphunea  abound  ; — 
the  antart'tic  Americnn  region,  from  Chili  to  Cape  Horn;  the  Kalkland 
lalanilt; — ;ind  the  wliale  cinumpolar  iiivaa  wiulh  of  the  50th  wiuthem 
liunllel; — the  Aiwt  raliun  iiw)  NenZralau'l  |iraciuce,  which  iiverj  peculiar, 
lieinic  irhancterized,  aimag  other  generiv  fonna,  hy  cystiweirix  and  fuc«*>; 
—the  loilian  Oceiin  and  the  Red  Sen; — and  the  lut,  which  cumprines  the 
Jspin  and  Chinii  i^iui.  There  are  several  uodetennined  1iot«Dical  marine 
ptovinou  in  the  Pacific  and  clicwhere. 


British  Hcas,  where,  with  two  exceptjont,  the  wliole  flora  la  crypto- 
garaic,'  this  uiiie  dues  not  extend  dccgxr  tliitti  30  fathoms,  but  in 
<)ivi<lt<d  iuto  two  distiact  provincug,  oae  lo  the  suiith  aad  aautheT  to 
the  north.  The  former  iacludea  tlie  southern  and  eosteru  coasts  of 
Englaad,  the  southern  and  western  e«u«ts  of  Ireland,  and  both  the 
channels  :  while  the  northern  flora  is  confined  to  the  Scottish  ttite 
luid  the  adjacent  coast«  of  England  and  Ireland.  The  second  British 
cone  bet^iiui  at  low-water  mark,  and  extendi  below  it  to  a  depth  from 
7  to  15  fathoniB.  It  contains  the  (treat  tangle  leuweeds,  growing 
in  miniature  forests,  mixed  with  fuel,  and  is  the  abode  of  a  boel  of 
animaU.  A  coral-like  sea-weed  is  the  last  plant  of  this  Eone,  and 
the  lowest  in  these  seas,  where  it  does  not  extend  below  the  depth 
of  60  fathoniB,  but  in  tltq  Mediterranean  it  is  found  at  TO  or  80 
fathoms,  and  is  the  lowest  plant  in  that  sea.  The  same  law  jirevails 
in  the  Bay  of  Biscay,  where  one  set  of  seaweeds  is  nevur  laand 
lower  than  20  feet  below  the  surface  ;  another  only  iu  the  zone 
between  the  depths  of  5  and  30  feet;  and  another  between  15  and  35 
feet.  In  these  two  lut  Eones  they  are  most  numcrDus;  at  a  greater 
depth  the  kinds  continue  to  vary,  but  their  numbers  decreaaa 
The  seeds  of  each  kind  float  at  the  depth  most  (;enial  to  the  futnn 
plant :  they  must,  therefore,  be  of  different  weights.  The  disiribn- 
tion  in  the  Egean  8ea  was  found  by  Professor  E.  Forbes  to  be 
(wrfectly  similar,  only  that  the  vegetation  is  different,  ajid  extenda 
to  a  eTcat4.'t  depth  in  the  Hcditerranenn  than  in  more  northern 
seas.'  He  also  obserreil  that  seawceda  growing  near  the  surface 
are  more  limited  in  their  distribution  than  those  that  grow  lower 
down,  and  that  with  regard  to  vegetation  depth  correAponds  with 
latitude  as  height  docs  on  Und.  I'hus  the  flora  at  creat  depths,  in 
warm  seas,  is  represented  by  kindred  forms  in  higher  latitudes. 


*  The  only  British  flowering  pluti  thst  uihabit  the  oeesn  arc  Zostani 
■Dd  Zanichallis, 

■  The  TegctatioD  at  difftrent  dept}i>  in  ths  Egean  S«  u  ob  diitlnctly 
nurkad  aa  that  at  difTcreat  heighU  on  the  dccliWty  o(  ■  tnoUBtaiiu  The 
unut  plsnta  are  th«  Faditu  paioaia  aiui  DictyDU  dichotmna,  A  greater 
■leptb  is  characteriiBd  by  Ihe  rirldly  grren  and  elegant  froOfU  af  the 
Canlerpa  prolifera,  probably  the  pnuiuni  of  the  aocienU;  aasotiited  with 
It  Ave  Ihe  curioiu  apoiigcllkii  Codinm  burn,  aod  four  or  five  others.  The 
Codinro  flabellifonne,  aoil  (he  rare  and  curinui  reectable  net  called  Miov- 
rlictynn  nnbillcatnm,  chonietcHH  doplhi  of  30  (athomi.  llie  Dlttyomenia, 
with  stiff  purple  corkurew-likn  froBdi,  and  wniie  others,  go  ai  Ion  ai  SO 
futhome,  beyond  which  no  flellble  leaweedi  hare  been  found.  The  mral- 
llke  Millepon  polvniarpha  lake  thnr  place,  and  range  to  the  depth  uf  [IX) 
fathomi,  beyond  which  there  wax  fonnd  no  trace  of  vegetable  llle,  nnlai 
sDine  of  the  minate  and  mieroscupic  inliisurlBl  bodies  flTiag  there  be  re- 
ilauta. — '  TibtbIb  in  Ljcia,'  by  Lienleaaat  Spratt,  S.N.,  and  Prv 


l.¥iai 
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Thore  in  every  reason  to  beliere  that  the  same  laws  of  distribution 
prevail  throughout  the  ocean  atid  every  sea. 

Seaweeds  adhere  firmly  tc  the  rocks  before  their  fructification, 
but  they  are  easily  detached  afterwards,  which  accounts  for  some 
of  the  vast  fields  of  floating  weeds ;  hut  others,  of  gigantic  size  and 
wide  distribution,  are  supposed  to  grow  unattached  in  the  water 
itaelf.  'ITicre  are  permanent  bands  of  seaweed  in  the  British 
Chaunel  and  in  the  North  Sea,  of  the  kind  called  Fucus  filum, 
which  grow  abundantly  on  the  western  coast  of  the  Channel ;  they 
lie  in  tlie  direction  of  the  currents,  in  beds  15  or  20  miles  long,  and 
not  more  than  600  feet  wide.  The  sebands  must  oscillate  with  the 
tides  between  two  corresponding  zones  of  rest,  one  at  the  turn  of 
the  flood,  and  the  other  at  the  turn  of  the  ebb.  It  is  doubtfnl 
whether  the  Fucus  natans  or  Sargassum  bacciferum  grows  on  rocka 
at  the  bottom  of  the  AtUntic,  betweeo  the  parallels  of  40°  N.  and 
S.  of  the  equator,  and,  when  detached,  is  drifted  uniformly  to  par- 
ticular s[>ot8  which  never  vary,  or  whether  it  is  propagated  and 
grows  in  the  water;  but  the  mass  of  that  plant  W.  of  the  Azores 
occupies  an  area  equal  tu  that  of  Germany,  and  has  not  changed 
its  place  since  the  time  of  Columbus.  Fields  of  the  same  kind 
cover  the  sea  in  the  South  Pacific,  near  the  Bahama  Islands  and 
other  places,  and  two  new  species  of  it  were  discovered  in  the 
Antarctic  seas. 

'llie  Macrocystis  pyrifera  and  the  Laminaria  radiala  are  the  most 
remarkable  of  marine  plants  fur  their  gigantic  size  and  the  extent 
of  their  range.  They  were  met  with  on  the  Antarctic  coasts  two 
degrees  nearer  the  S.  i>olo  than  any  other  vegetable  production, 
forming,  with  one  remarkable  exception,  the  utmost  limit  of  vege- 
table life  in  the  south  i>olar  seas.  The  Macrocystis  pyrifera  exists 
in  vast  detached  masses,  like  green  meadows,  in  every  latitude 
from  the  south  polar  ocean  to  the  ifith  degree  of  N.  tat.  in  the 
Atlantic,  and  to  the  shores  of  California  in  the  Pacific,  where  there 
are  fields  of  it  so  imiicnetrable  that  it  has  saved  vessels  driven  by 
the  heavy  swell  towards  that  shore  from  shipwreck.  It  is  never 
seen  where  the  temjierature  of  the  water  is  at  the  freciiug- point, 
and  is  the  latest  of  the  vegetable  tnbe,  being  occasionally  300  or 
400  feet  long.  The  Laminaria  abounds  off  the  Cape  of  Good  Hope 
and  in  the  Antarctic  Ocean.  These  two  species  form  great  part  of 
a  band  of  seHwee<l  which  girds  Kerguelen  Land  so  densely  that  a 
boat  can  scarcely  bo  pulled  through  it ;  they  are  found  in  great 
abundance  on  the  coasts  of  the  Falkland  group,  and  also  in  vast 
fields  in  the  o)>en  sea,  hundreds  of  miles  from  any  land :  bad  it  ever 
grown  on  the  distant  shores,  it  must  have  taken  ages  to  travel  so 
far,  drifieil  by  the  wind,  currents,  and  the  scud  of  the  seas.  The 
red,  green,  and  purple  lavers  of  Great  Britain  ore  found  on  the 
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coasts  of  the  Falkland  Islands ;  and  though  some  of  the  north^n 
seaweeds  are  not  met  with  in  the  intervening  warm  seas,  the^ 
reappear  here.  The  Lessonia  is  the  most  remarkahle  marine  plant 
in  this  group  of  islands.  Its  stems,  much  thicker  than  a  man^s  leg, 
and  from  8  to  10  feet  long,  fix  themselves  by  clasping  fibres  to  th< 
rocks  above  high-water  mark.  Many  branches  shoot  upwards  from 
these  stera.s,  from  which  long  leaves  droop  into  the  water  like 
willows.  There  are  immense  submarine  forests  off  Patagonia  and 
Tierra  del  Fuego,  attached  to  the  rocks  at  the  bottom.  These 
plants  are  so  strong  and  buoyant  that  they  bring  up  large  masses 
of  stone;  and,  as  they  grow  slanting,  and  stretch  along  the  sur- 
face of  the  sea,  they  are  sometimes  300  feet  long.  The  quantity  oi 
living  creatures  which  inhabit  these  marine  forests  and  ])arasitica] 
weeds  attached  to  them  is  inconceivable ;  they  absolutely  teem 
with  life.  Of  the  species  of  marine  plants  which  are  strictly  an- 
tarctic, inckuling  those  in  the  seas  of  Tasmania  and  New  Zealand, 
Dr.  Hooker  has  identified  one-fifth  with  the  British  Algje. 

The  higher  latitudes  of  the  Antarctic  Ocean  are  not  so  destitute 
of  vegetation  as  was  at  first  believed.  Most  minute  objects,  alto- 
gether invisible  to  the  naked  eye,  except  in  mass,  and  which  were 
taken  for  silicious  shelled  animalcules  of  the  infusorial  kind,  prove 
to  he  vegetable.  They  are  a  species  of  the  Diatomaceae,  which, 
from  their  multitudes,  give  the  sea  a  pale  ochreous  brox^-n  colour. 
They  increase  in  numbers  with  the  latitude,  up  to  the  highest 
point  yet  attained  by  man,  and  no  doubt  afl'ord  food  to  many  of 
the  minute  animals  in  the  antarctic  seas.  Genera  and  species 
of  this  plant  exist  in  every  sea  from  Victoria  Land  to  Spitzbergen. 
It  is  another  of  the  remarkable  instances  of  a  great  end  l)eing 
effected  by  small  means ;  for  the  silicious  shells  of  this  antarctic 
vegetatit)n  are  forming  a  submarine  l>ank  between  the  76th  and 
78th  jMirallels  of  south  latitude,  and  from  the  ICoth  to  the  160th 
western  meridian. 

Great  j>atches  of  Confervaj  are  occasionally  met  with  in  the  open 
seas.  Bands  several  miles  long,  of  a  reddish-brown  species,  like 
chopixxi  hay,  occur  off  Bahia,  on  the  coast  of  Brazil :  and  difterent 
sjHJcies  are  common  in  the  J^outh  Pacific  Ocean. 
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DISTRIBUTION  OF  IN8KCT8.* 

§.  1  Number  of  the  species  of  insects ;  their  uses ;  increase  in  species  and 
number  from  the  poles  to  the  equator.  §  2.  Different  insects  found 
under  the  same  parallels  of  latitude ;  mountain-chains  form  barriers  to 
insect  distribution ;  prevalence  of  insects  dependent  on  soil  and  winds ; 
effects  of  temperature  and  elevation  on  insect  life.  §  3.  Development 
of  injects  dependent  on  condition  of  plants,  as  well  as  on  particular 
species.  §  4.  Most  universally  distributed  insects — common  fly,  mos- 
quitoes, and  gnats ;  prevalence  of  tormenting  insects  in  some  regions ; 
the  Tsetse-fly  peculiar  to  tropical  S.  Africa.  §  5.  Honey-bees,  fire-flies, 
scorpions,  ants,  and  spiders.     §  6.  Migration  of  insects.    §  7.  Infusoria. 

§  1.  About  150,000  species  of  insects  are  known  in  public  and 
private  museums;  some  with  wings,  others  without;  some  are 
aquatic,  others  are  aquatic  only  in  the  first  stage  of  their  existence; 
and  many  are  parasitical. 

'  The  great  division  of  the  animal  kingdom  of  the  ArtioulaiOy  to  which 
insects  belong,  consists  of  the  following  four  classes,  the  three  first  breath- 
ing by  air-vessels  (tracheae)  or  air-pouches  :— 

1.  Insects. — Head  distinct ;  three  divisions  of  the  body,  viz.  head,  thorax, 

and  abdomen ;  three  pairs  of  legs,  and,  in  general,  one  or  two  pairs  of 
wings. 

2.  Myriapoda. — Head  distinct ;  24  or  more  pairs  of  legs,  no  wings. 

3.  Arachnida  or  Spiders. — Four  pairs  of  legs,  head  and  thorax  united,  no 

antenna;  or  feelers,  no  wings. 

4.  Crustacea^  as  Crabs,  Lobsters,  &c. — Respiration  by  means  of  branchis  or 

gills,  and  in  general  aquatic,  five  or  seven  pairs  of  legs. 

Insects  properly  so  called  are  divided  into  eight  orders : — 

1.  Coleoptera  or  Beetles,  &c.,  which  have  four  wings,  two  hard  or  wing 

covers  called  Elytra,  and  two  soft  or  membranous,  used  for  flying, 
and  folded  under  the  elytra.  Cantharides,  the  Egyptian  Scarabcus, 
and  the  Ladybird  belong  to  this  family,  which  numbers  upwaxxis  of 
70,000  species. 

2.  Orthoptera,  which  have  also  four  wings,  but  the  wing-corers  are  like 

parchment ;  the  larva,  instead  of  resembling  a  grub  as  in  the  Coleop- 
tera, only  differs  from  the  perfect  insect  by  the  want  of  wings ;  such 
are  the  locust,  grasshopper,  cricket,  &c. 

3.  Neuroptera, 

1^ 
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NaturaliotA  have  Utei;  found  blind  inKcta  of  vkrioas  genei 
tho  great  Eubt«rraneaD  caves  of  Europe  and  America.  Some 
insects  arc  carnivorous,  others  feed  on  Tegetablea :  aome  of 
camivoroufl  trih*  live  on  dead,  others  on  living  animals,  but  i 
are  nut  lialf  bo  numerous  as  those  that  live  on  vc^etablM.  G 
change  the  kind  of  food  as  they  ktow  from  larva  to  perfect  ini 
in  their  Sni  ata^  they  cat  animal  food,  and  vegetabtea  when 
arrive  at  their  perfect  state. 

Insects  maintain  iLe  balance  among  the  species  of  the  vegel 
creation  by  preventing  the  tendency  thnt  plants  bare  to  encr 
<in  one  another.  The  struuger  would  extirpate  the  weaker,  uk 
lar«;cr  would  destroy  the  smaller,  were  they  not  checked  by  ioj 
wliicli  live  on  ve;:etablM.  On  the  other  hand,  many  plants  w 
b('  extirpated  by  inBects  were  tbcHc  not  devoured  by  other  inaer 

loHcctH  increase  in  number  of  species  OJid  variety  of  forma 


4,  llvmenoplora :  4  raembrannui!  winp;  provlJed,  bCBiden  jawii  for  g 
'  ini;  iir  DiiuticatiDa,  with  a  proWcii  bj  mcuu  of  which  they 
their  Dourinliincat ;  in  mgny  ipcriea  of  this  order  the  female  1 
ntini;.     The  hive  bee,  wvp,   ichDeumna    fly,   in   examples    of 

J.  l.i'])iilnj>lnm.  having  four  «iD<;9  mvered  wilh  Tnlnale  ««[«  or  feal 
vht-art  thfir  name  ;  theT  derive  their  food  by  ■aFtiun,  by  tneaiu 
prnli'Si'iH.  nn<l  their  dnt  itate  nf  dcvelopniCDt  a  that  of  a  caterp 
sui^h  nru  )>utti?rtlie>.  nphioim.  mnthl,  lit, 
il.  lI>?iul|ilFni.  in  ^eaernl  fmir  winsK,  bul  the  npper  pair  are  iia\y  in 
aiiif'Jil   pnrtM  nKTnhranoos  or  trmjflpnrvnt ;  lienre  their  Dame,  i 
"iKnifien  half-wins:  aome  are  entirely  ileprived  of  them,  as  the 
iiiiin  bu$; ;  they  have  a  kind  of  bcnk.  iantead  of  a  prolMnii.  aa  i 
thrw  ]irei-eriliig  fHniiliM.     The  dcada,  Ihe  wood-bog,  ri>mnion 
&.'..  Iielriug  t.>  tho  Jli^iniptora. 
7.  Rhipipleni,  having  a  wogle  lair  of  wins"  fulding   longitudinally 
fun  iiliape ;  onlv  a  few  uraall  gunpra  oiiiKfitule  thi»  Ihinily,  th> 
known  of  which  an  S(yln|w  and  Xcnim. 
P.  Di|i(erB.  with  a  tingle  piiir  of  winiES  the  monlh  entirely  adapte 
Hiiclion,  with  a  liiDi;  retnclili^  iirnl-wcia ;  the  commua  fly  uid 
are  the  beat  known  apevicn  nf  thia  fumily. 
Snmi-  cntomulogiitii  have  recenlU  ad<le<l  two  orden  to  the  clww  of  in 
the  Fanuita  luxl  the  Thi-Kinura;  <he  lint  lire  on  the  bodies  of  nlhei 
mall :  tn  one  nf  it<  enmnioDCst  genen  lirl'intpi  the  human  louse. 

■  Perhapn  one  nf  the  greatest  cherki  on  llie  prni>ngat)on  uf  inaect  1 
from  insceta  I^lpm8elve^  mnnr  speniee  dep"*itiai;  their  egga  on  the  I 
nf  otherH.  whiirh  in  their  devclopnient  destroy  the  animal  on  whivh 
have  been  depnailed;  that  moat  deitnictive  iiuect  to  the  vine,  tho  P] 
vitin,  ia  a  very  raDiarkahle  inirtancfl  of  thin,  some  dusen  nperiiw  of  ii 
deiHMiting  their  et-Ks  aa  it  in  ita  ineomplete  atotc,  thun  keeping  dow: 
unnilierof  om  of  the  greatest  plagues  in  wine-producing  ct 
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the  poles  to  the  equator:  in  n  residence  of  11  months  in  Melville 
Isisnii,  Sir  Edward  Parry  found  only  six  species,  because  lichens 
and  mosses  do  not  afford  much  nourishment  for  the  insect  tribes, 
thou«h  it  is  prohnhlc  that  every  other  kind  of  plant  gives  food  and 
shelter  to  more  than  one  species ;  it  is  even  said  that  40  different 
insects  are  quartered  upon  the  common  nettle.  Beetles  are  pro- 
lulily  an  exception  to  the  law  of  increase  towards  the  equator,  as 
they  seem  to  bo  more  numerous  in  species  in  the  temperate  regions 
of  both  hemispheres  than  in  tropical  countries.  The  location  of 
insects  dejicnds  upon  that  of  the  plants  which  yield  their  food  : 
and,  as  almost  each  plant  is  peopled  with  inhnbitants  peculiar  to 
itself,  iusects  are  distributed  over  the  earth  in  the  same  manner  as 
vegetables;  tLo  proupa,  consequently,  are  often  confined  within 
narrow  limitii,  and  it  is  extraordinary  that,  not  withstanding  their 
powers  of  locomotion,  they  often  remain  within  a  particular  com- 
pass, though  the  plants,  and  all  other  circumstances  in  their  imme- 
diate vicinity,  aiipcar  equally  favourable  for  their  habitation. 

S  2.  Tile  insects  of  northern  Asia  belong  to  a  great  extent  to  the 
same  genera  as  those  of  Europe ;  those  of  the  United  States  differ 
sjiecificnlly  from  Kuroj>ean  species,  though  they  often  approach  very 
near  to  the  same  forms.  South  America  is  as  peculiar  in  its  insect 
fauna  as  it  is  in  its  mammalia,  and  the  tropical  portion  has  a 
distinct  set  of  forma  from  that  of  its  southern  extremity.  The 
opposite,  tropical  zone  of  Africa  differs  widely  in  the  same  respect 
fMm  South  America,  although  not  much  inferior  in  the  number  and 
variety  o(  its  species  and  genera.  In  fact,  under  the  same  parallel 
iiT  latitude,  countries  similar  in  soil,  climate,  and  all  other  circum- 
stances present  the  moat  striking  differences  in  their  insect  tribes, 
even  in  those  that  live  on  animal  substances. 

Though  iusects  arc  distributed  in  certain  limitetl  groups,  yet 
most  of  the  families  have  representatives  in  all  the  great  regions  of 
Uic  glolio,  and  some  identical  R|)ecie8  are  inhabitants  of  countries 
far  from  one  another.  Tiie  Pyrameis  cardui,  or  "Painted  JoAj 
Hutterfly,"  is  foimil  throughout  the  old  world  in  Korlh  America 
and  in  Australia;  and  l>eiug  a  apcciea  which  never  could  have  been 
conveyed  by  man,  its  wide  distribution  must  he  due  to  its  great 
jiowers  of  migmtiim.  The  number  of  apeoios  of  similar  extended 
distribution  is  very  limiteil,  as  species  and  genera  here  as  in  the 
larger  animals  aro  contined  to  ilofinite  areas,  ltcin^  immensely 
more  abunilaut  ami  more  definite  in  their  specific  characters, 
insects,  as  masse<)  in  larjio  collections,  afford  clearer  indicntionR 
of  tlie  g<'ir^phicat  limits  of  faunas  and  the  biological  character  of 
is  than  any  other  class  of  animals. 

Iinins  arc  a  complete  barrier  to  insects,  even  more  so 
not  only  lofty  mountains  like  the  Andes  divide  ttw 
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kinds,  but  tbey  are  eren  difiBrent  on  the  tiro  sides  of  the  Col  Ae 
Tends  in  theAlpa.     Aa  w[th  plants,  they  havs  the  irarea  of  distri- 
bution and  within  the  area  their  peculiar  itntion   or  localitj 
which  they  are  found.    Thus  each  Boil  has  idnds  pecoliar  K 
whether  dtj  or  moist,   onltivated   or  wild,  meadow  or 
Sta^niaiit  wat^r  and   marshes   have   their  sepaistc  species 
live  in  water,  some  mn  on  its  surface,  and  every  wnler- 
aflordn  food  and  shelter  to  many  different  kiniis.     Insects 
times  multiply  suddenly  to  an  cnotmous  extent,  and  decrease 
rapidly  iind  as  uunooouutably. 

Temperature,  by  its  influence  on  vegetation,  has  an  indirect 
on  the  insects  tbat  arc  to  feed  upon  plants,  and  extremes  of  heat  and 
Olid  have  more  inSnence  on  their  localisation  than  the  mean  annnal 
tom[>erature.    Thus  in  the  Polar  regions  the  mosquito  tribes  are 
more  numerous  and  more  annuying  than  in  temjierate  climat 
bucanse  they  pass  their  early  stages  of  existence  in  water,  wl 
shelters  them,  and  the  short  but  hot  summer  is  genial  lo  their 
span  of  life. 

In  some  instsnces  hei)i;ht  produces  the  same  effect  in  the  di< 
bution  of  insect  life  as  difference  of  latitude.    The  Paraassius  A]^ 
a  butterfly  native  in  the  plains  of  Sweden,  is  also  found  in  the  Al^ 
tbe  Pyrenees,  and  two  or  three  closely  allied  species  in  the  Himalaj 
The  PamoEsius  Sminiheus,  true  to  the  babiut  of  the  genus,  is 
fined  to  the  Itocky  Mountains  of  North  America.    Some  insects 
require  several  years  to  arrive  at  their  full  development;  tbey  lie 
burled  in  the  ground  in  the  fonn  of  ):rubs:  the  cockchafer  taken 
three  years  to  reach  its  perfect  stale,  and  some  American  spcciea 
require  a  much  longer  time, 

§  3.  Insects  dc  not  attun  their  pcrftrct  development  till  the  plsDts 
they  are  to  feed  npon  are  in  a  state  to  afford  them  habitation  and 
nourishment.  Hence  in  cold  and  temperate  climates  their  appear- 
ancu  is  simullaneouB  with  vegetation ;  and  as  the  rainy  and  dry 
seasons  within  the  tropics  correspond  to  our  winters  and  summers, 
insects  appear  there  alter  tbe  nuns  and  vanltth  in  tbs  hot  months ; 
the  ratns,  if  too  violent,  destroy  them ;  and  in  countries  where  that 
occurs  there  are  two  periods  in  the  year  in  which  they  arc  most 
abundant— one  before  and  one  after  the  rains.  U  is  also  observed 
in  Kurope  that  insects  decrease' during  the  heat  of  summer 
become  more  numerous  in  autumn :  the  heat  is  tboaght  to 
some  into  a  state  of  torpor,  but  the  greater  number  perish. 

When  a  plant  is  taken  from  one  country  to  another  in  wbicb' 
has  no  containers,  it  is  not  attacked  by  the  Insects  of  the  coimlir: 
thus  our  cabbaees  and  carrots  in  Cayenne  ore  not  injured  bj  the 
insects  of  that  country,  and  the  tulip^trce  and  other  magnolias  are 
not  mobrted  by  our  insects ;  but  If  a  plant  has  congeners  in  its  new 
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country,  the  insect  inliabitants  will  generally  soon  find  their  way 
to  the  stranger. 

§  4.  The  common  fly  is  one  of  the  most  uniyersally  distributed 
insects :  it  was  unknown  in  some  of  the  South  Sea  islands  till  it 
was  carried  there  from  Europe,  where  it  has  now  become  a  real 
plague  in  many  places. 

Mosquitoes,  gnats,  or  culices  are  spread  over  the  world  more 
generally  than  any  other  tribe  of  insects ;  they  are  the  torment  by 
night  and  by  day  of  men  and  animals  from  the  poles  to  the  equator ; 
the  species  are  numerous  and  their  location  partial  In  the  arctic 
regions  the  Gulex  pipiens,  which  passes  two-thirds  of  its  existence 
in  water,  swarms  during  the  summer  in  myriads :  the  lake  My  vatn, 
in  Iceland,  takes  its  name  from  the  legions  of  these  tormentors  that 
cover  its  surface.  They  are  less  numerous  in  central  Europe, 
though  one  very  small  species  of  mosquito,  the  Simulium  Colum- 
baschense,  appears  in  such  clouds  in  parts  of  Hungary,  especially  in 
the  Banat  of  Tcmeswar,  that  it  is  not  possible  to  breathe  without 
swallowing  them  in  numbers :  even  cattle  and  children  have  been 
killed  by  them.  In  Lapland  there  is  a  plague  of  the  same  kind.  Of 
all  places  on  earth  the  banks  of  the  Orinoco  and  of  other  great 
rivers  of  tropical  America  are  the  most  infested  by  this  plague. 
The  account  given  by  Humboldt  is  really  fearful :  at  no  season  of 
the  year,  at  no  hour  of  the  day  or  night,  can  rest  be  found  ;  whole 
districts  in  the  upi)er  Orinoco  are  deserted  on  account  of  these 
insects.  Diflferent  species  succeed  one  another  with  such  regularity, 
that  the  time  of  day  or  night  may  be  known  from  their  humming 
noise,  and  from  the  different  sensations  of  pain  which  their  several 
poisons  produce.  The  only  respite  is  the  interval  of  a  few  minutes 
between  the  departure  of  one  gang  and  the  arrival  of  their  suc- 
cessors, for  the  species  do  not  mix.  On  some  parts  of  the  Orinoco 
the  air  is  one  dense  cloud  of  poisonous  insects  to  the  height  of  20 
feet.  It  is  singular  that  they  do  not  infest  rivers  that  have  dark- 
coloured  waters ;  each  clear  stream  is  peopled  with  its  own  par- 
ticular kinds ;  though  ravenous  for  blood,  they  would  appear  to  be 
able  to  exist  without  it,  as  they  are  found  in  situations  where  no 
animals  exist. 

llie  tsetse-fly,  peculiar  to  certain  definite  areas  in  South  tropical 
Africa,  is  fatal  to  cattle  ;  it  is  not  found  more  to  the  north,  but  two 
very  poisonous  flics  infest  the  forests  of  Western  tropical  Africa. 

§  5.  The  common  honey-bee  is  the  European  insect  most  directly 
useful  to  man ;  it  was  introduced  into  North  America  not  many 
years  ago,  and  is  now  spread  over  the  new  continent,  and  is 
naturalized  over  Australia  and  New  Zealand.  Several  species  of 
the  same  genus  are  found  in  Southern  Asia,  but  true  honey-bees 
aro  unknown  in  South  America  and  Australia,  where  their  place  is 
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occupied  by  small  stingless  bees  of  an  allied  gennSy  produciag 
inferior  honey  and  wax. 

Fire-flies  are  mostly  tropical,  yet  there  are  four  species  in  Europe; 
in  Houth  America  there  are  many  species,  and  so  brilliant  that  their 
]xvle  ^reeu  light  is  seen  at  the  distance  of  200  paces :  a  Scolopendn, 
or  Centipede,  in  Asia,  is  as  luminons  as  the  glow wonn,  and  one 
in  France  is  so  occasionally. 

The  silkworm  was  originally  introduced  from  China,  from  which 
country  and  from  Northern  India  several  allied  species  bare  been 
brought  to  P^urojH?  of  late  years  with  a  view  to  utilising  them  io 
the  production  of  silk.  Some  silkworms,  as  the  Tusseh  from 
Northern  India,  produces  a  coarser  thread,  adapts  for  inferior 
fabrics ;  the  Yama-mai  silkworm  has  been  recently  introduced  into 
this  country  and  into  Prussia  from  Ja])au.  The  cochineal  insect  is 
a  native  of  tropical  America ;  there  are  many  species  of  it  in  other 
countries ;  the  Coccus  lacca  is  Indian,  the  Coccus  ilicia  iives  in 
Southern  Europe,  and  there  is  one  in  Poland. 

Ij^coqjions  under  various  forms  are  found  in  all  warm  climates ; 
two  or  three  s^Hicies  arc  peculiar  to  Europe,  but  they  are  small  in 
comparison  with  those  of  tropical  countries;  one  in  Brazil  is  six 
inches  long.  As  in  the  case  of  mosquitoes,  the  poison  of  the  same 
species  is  more  active  in  some  situations  than  in  others.  At  Cumana 
the  sting  of  the  scorpion  is  little  feareti,  while  that  of  the  same 
si>ecies  in  Carthagena  will  produce,  amongst  other  effects,  loss  of 
speech  for  many  days. 

Ants  {F(/nnici(kBy  order  IJymemrptera)  of  different  kinds  are 
universally  distribut<;d.  Near  great  rivers  they  build  their  nests 
above  the  line  of  the  annual  inundations.  The  insects  called  white 
ants  (Tennitidtr,  order  OrMo/?^tra),  belonging  to  a  difl'erent  order,  are 
so  destructive  to  jMijier  and  clothing  in  South  America,  that  Hum- 
boldt says  there  is  not  a  manuscrii)t  in  that  country  100  years  old.* 

There  are  upwards  of  1500  known  species  of  spiders,  and  of  their 
allied  arachnida? ;  each  country  has  its  own,  varying  in  size,  colour, 
and  habits,  from  the  huge  bird-catching  spider  of  South  America  to 
the  ahnost  invisible  European  gossamer  floating  in  the  air  on  its 
silvery  thread.  Many  of  this  ferocious  family  are  aquatic ;  and 
spiders,  with  some  other  insects,  are  said  to  bo  the  first  inhabitants 
of  new  islands. 

§  6.  The  migration  of  insects  is  one  of  the  most  cnrious  circum- 
stances relating  io  them  :  they  sometimes  appear  in  great  fli<rhts  in 
places  where  they  never  were  seen  before,  and  they  continue  their 
course  with  a  i>erseverance  that  nothing  can  check.    This  has  been 


*  At  La  Rochelle  and  some  other  parts  of  France  a  species  of  these 
do;itructive  insects  has  become  very  abundant  within  a  few  yean. 
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observed  in  the  migration  of  creeping  insects:  caterpillars  have 
attempted   to  cross  a  stream.     Countries   near  deserts  are  most 
exposed  to  the  invasion  of  locusts,  which  deposit  their  eggs  in  the 
sand,  and  when  the  young  are  hatched  by  the  sun's  heat  they 
emerge  from  the  ground  without  wings,  but  as  soon  as  they  attain 
maturity  they  obey  the  impulse  of  the  tirst  wind,  and  fly,  under 
the  guidance  of  a  leader,  in  a  mass  so  dense  that  it  forms  a  cloud 
in  the  air,  and  the  sound  of  their  wings  is  like  the  murmur  of  the 
distant  sea.     They  take  immense  flights,  crossing  the  Mozambique 
Channel  from  Africa  to  Madagascar,  which  is  120  miles  broad :  they 
come  from  Barbary  to  Italy,  and  a  few  have  been  seen  to  reach 
Scotland.     Even  the  wandering  tribes  of  locusts  differ  as  to  species 
in  difi*erent  deserts,  following  the  universal  law  of  organized  nature. 
Insects  not  habitually  migratory  sometimes  migrate  in  great  num- 
bers.    In  1847,  and^again  in  18G9,  lady-birds  (or  Coccinellffi)  and 
the  bean  aphis  arrived  in  immense  numbers  at  Kamsgate  and  Mar- 
gate from  the  continent  in  flne  calm  weather,  and  a  mass  of  the 
Pyrameis  cardui  flew  over  a  district  in  a  column  from  10  to  15  yards 
wide  for  two  hours  successively.     Why  these  butterflies  should 
simultaneously  take  wing  in  a  flock  is  unaccountable ;  had  it  been 
for  want  of  food  they  would  probably  have  separated  in  quest 
of  it.     In  1847  the  cabbage  butterfly  passed   in  clouds  from  the 
coast  of  France  to   England.     Dragon-flies  migrate   in  a  similar 
manner. 

§  7.  Professor  Ehrenberg  discovered  a  new  world  of  creatures  in 
the  Infusoria,  so  minute  that  they  are  invisible  to  the  naked  eye. 
He  found  them  in  fog,  rain,  and  snow,  in  the  ocean,  in  stagnant 
water,  in  animal  and  vegetable  juices,  in  volcanic  ashes  and  pumice, 
in  opal,  in  the  minute  dust  that  sometimes  falls  on  the  ocean;  and 
he  detected  18  species  20  feet  below  the  surface  of  the  ground  in 
peat-bo*r,  which  was  full  of  microscopic  live  animals :  they  exist  in 
ice,  and  are  not  killed  by  l)oiling  water.  While  inquiring  into  the 
causes  of  the  cholera  which  prevailed  at  Berlin  in  1848,  M.  Ehren- 
berg discovered  400  sjxicies  of  living  microscopic  animalcules  in 
different  strata  of  the  atmosphere,  so  that  the  air  is  analogous  in 
the  distribution  of  its  inhabitants  to  the  ocean,  which  has  marine 
animals  peculiar  to  different  depths.  ITiese  wonderful  revelations 
have  been  since  confirmed  by  various  investigators,  and  more  espe- 
cially by  the  ingenious  and  exhaustive  experiments  and  observations 
of  M.  Pasteur,  who  has  demonstrat<jd  how  difficult  it  is  to  exclude 
even  the  germs  of  life  which  everywhere  abound  in  the  atmosphere. 
This  lowest  grder  of  animal  life  is  much  more  abundant  than  any 
other,  and  new  sixjcies  are  found  every  day.  Examined  by  the 
microscoj)e  they  seem  to  consist  of  a  transparent  vesicle,  and  some 
have  a  tail:  they  move  with  great  rapidity,  and  show  a  certain 
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instinct  by  avoiding  obstacles  in  tbeir  course ;  otheni  have 
shells.  Language,  and  even  imagination,  fails  in  the  attempt  to 
describe  the  inconceivable  myriads  of  these  invisible  inhabitants  of 
the  air  and  the  earth ;  they  have  been  brought  np  aliTo  from  eno^ 
mous  depths  at  sea,  and  vast  plains  of  the  ocean  bed  consiBt  of  their 
remains. 
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CHAPTER   XXXL 


DISTBTBUTION   OF   FISHES,   MOLLUSCA,   INFUSORIA,   AND  If ARIKS 

MAMMALIA. 

§  1.  Character  of  the  marine  fauna ;  its  distribution  over  the  globe  in  nine 
homozoic  belts.  §  2.  Description  and  classification  of  Fishes.  §  3.  The 
Arctic  belt ;  the  Boreal  belt ;  the  Celtic  belt ;  limit  of  the  salmon ;  the 
Spanish  belt.  §  4.  Species  of  European  fishes.  §  5.  The  Pacific  belt ; 
effect  of  currents  on  the  distribution  of  fishes.  §  6.  Fresh-water  fishes; 
analogies  between  the  inhabitants  of  the  sea  and  land;  electric  and 
luminous  fishes.  §  7.  Shell-fish,  moUusca,  &c. ;  rarious  zones  of  depth 
in  the  ocean ;  five  zones  in  the  Celtic  belt ;  five  zones  of  the  Mediter^ 
ranean.  §  8.  Fauna  of  the  tropical  Atlantic ;  the  Indo-Padfic  region. 
§  9.  Marine  life  of  extratropical  southern  latitude;  discoveries  from 
deep-sea  soundings.  §  10.  Quantities  of  animalculie  in  the  ocean ;  cause 
of  particular  colours  in  some  seas ;  prodigality  of  ocean  animal  life  ft 
compensation  for  deficiency  of  vegetation.    §  11.  Marine  mammalia. 

§  1.  The  marine  fauna  depends  upon  the  heat  and  light  of  the  sun, 
therefore  it  is  rich  in  infinitely  varied  forms  of  being  and  brilliancy 
of  colouring  between  the  tropics,  both  of  which  gradually  diminidi 
in  exuberance  to  the  polar  oceans,  where  the  colouring  is  dull,  the 
number  of  species  few,  but  the  individuals  of  each  species  exceed- 
ingly abundant.  The  marine  fauna  varies  also  with  the  depth, 
decreasing  in  number  and  variety  of  species  from  the  suiiace 
downwards,  where  the  water  is  colder,  so  that  each  depth  has  a 
corresponding  latitude  of  the  same  temperature  in  which  the  species 
are  either  the  same  or  representative.  This  is  analogous  to  what  is 
observed  on  land,  where  the  temiKjrature  of  the  air  decreases  with 
the  height  above  the  surface  of  the  sea,  while  in  the  ocean  the 
temperature  of  the  water  decreases  with  the  depth  below  it. 

The  fauna  of  the  ocean  consists  of  Marine  Mammalia,  Fishes, 
Mollusca,  Annulosa,  Zoophytes,  and  Corallines.  These  are  distri* 
buted  in  nine  belts  which  surround  the  globe,  each  of  which,  being 
under  nearly  the  same  circumstances  as  to  climate,  has  in  its  dif- 
ferent parts  either  the  same  or  representative  species,  and  therefore 
it  is  said  to  bo  Homozoic.^  The  intertropical  ocean  forms  the  oentnd 


*  E.  Johnston's  Physical  Atlas,  2nd  ediUoa. 
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}iomozoic  belt ;  it  has  four  others  on  each  side,  of  which  those  at 
equal  distanceH  N.  and  S.  have  faunas  mutually  representative ;  the 
two  last  belts  arc  the  circumiK>lar  oceans.  The  lines  which  bound 
the  homozoic  l>clts  are  climatal,  and  nearly  correspond  with  the 
isothennul  lines  on  land,  so  they  are  neither  ])arallel  to  one  another, 
nor  do  tliey  coincide  with  the  parallels  of  latitude,  but  are  unda- 
latinj:  from  the  e fleet  of  the  warm  and  cold  currents  which  come 
from  the  tropical  and  ])olar  oceans.  The  fauna  of  a  great  part  of 
the  southern  iK-'eans  is  as  yet  very  imperfectly  known  ;  that  of  the 
north  Pacific,  and  esjx?cially  of  the  north  Atlantic,  have  been  care^ 
fully  studiwl,  both  as  to  extension  and  depth. 

§  2.  Fishes,  properly  so  called,  advance  in  the  water  by  means 
of  their  flexible  Ixxlies  and  tail ;  the  upper  fins  serve  to  balanoe 
them,  and  the  hjwer  ones  assist  them  in  turning,  and  also  enable 
them  to  move  slowly  and  to  maintain  themselves  su8{)ended  and 
steady  in  a  strou;^  current.  When  in  rapid  motion  their  fins  are 
folded  close  to  the  body  in  order  to  offer  no  resistance  to  the  watei: 
In  dat-fisli,  however,  and  all  those  that  are  broad  horizontally,  the 
fins  aid  considerably  in  their  progressive  motion.  Most  fishes  are 
provided  with  an  air  vessel,  or  swimming-bladder,  which  they  can 
compress  or  expand  when  they  wish  to  sink  down  or  rise  to 
tlie  surface,  but  it  is  nearly  wanting  or  rudimentary  in  such  species 
as  live  at  tlie  Ixittom  of  the  sea  and  rarely  or  never  come  to  the 
surface.  It  is  altogether  wanting  in  the  Kemora,  which  has  an 
ai)parntns  for  attaching  itself  to  other  fishes,  chiefly  different  species 
of  shark,  and  is  carried  about  by  them.  The  senses  of  seeing, 
hearing,  and  smelling  are  very  acute  in  fishes,  and  most  that  live 
ill  deep  water  have  very  largo  eyes  in  order  to  collect  and  concen- 
trate the  small  jKjrtion  of  light  that  can  iHjnetrate  so  far.* 

§  0.  The  Arctic  Ocean  is  the  first  of  the  great  zones  into  which 
it  is  c<^nvenient  to  class  the  distribution  of  marine  animals.  Its 
southern  Ix^undary  is  mainly  determined  by  the  direction  and  flow 
of  cold  currents.  Its  greatest  breadth  is  between  the  ix)le  and  the 
Gulf  of  St.  Lawrence,  and  includes  the  Banks  of  Newfoundland, 
while  its  least  extension  is  between  the  ix)le  and  the  extreme  north 
of  f*caudinavia.  The  genera  are  not  very  numerous  in  this  great 
ocean.     But  the  most  remarkable  feature  of  this  belt  is  the  enorm- 

*  The  >kolutoQs  of  fishes  arc  composed  either  of  bone  or  cartilage,  henoe 
Cuvicr's  (livi^i()^  of  the  finny  tribe  into  ubseous  or  bony,  and  cartilaginous 
fishes.  The  fins  are  formed  of  spines  or  rays  of  bone  united  more  or  le« 
by  a  thin  web  or  mcntbrane;  some  are  hard  and  others  soft;  the  bony 
fishes  are  subdivided  into  hard-finned  or  Acanthopteryguinay  as  the  perch, 
mullet,  maekerel,  &c.,  and  the  soft-finned  or  MalacopUrygiaMSj  as  the 
salmon,  herring,  pike,  carp,  cod,  fiat-fishes,  eels,  &c.  The  cartilaginous 
fishes,  or  Chondroptertjgiansy  include  the  genera  of  the  sturgeonSy  ■harVi> 
skates,  lamprey,  sim-fish,  diodons,  &c. 
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ous  ahoals  of  the  gcDita  Gadus  or  cod  that  crowd  the  banks  of 
Newfoundland.  The  cold  current  from  the  eaat  coast  of  Greenland, 
which  unites  with  tiat  from  Davis  Strait  and  runs  alonu  the  Ame- 
rican coast  inside  the  Gulf-stream,  is  the  hi;rhwaj  by  which  these 
myriads  of  cod  annually  arrive.  Q'he  quantity  ia  so  great  that  aa 
many  as  half  a  million  liave  iieen  taken  in  a  week  by  one  veas*!. 

The  liecond  Homozoic  or  Boreal  belt  extends  along  the  whole 
of  the  Korwettian  coast,  includes  nearly  all  Iceland,  and  on  the 
American  side  it  stretches  along  the  coast  of  Maine  to  Cape  Cod, 
in  Massachusetts.  It  is  owing  to  the  cold  arctic  current,  .which  is 
of  a  much  lower  temperature  than  the  ocean,  and  several  degrees 
below  that  of  the  Gull-stream,  that  the  markets  of  all  the  maritime 
towns  of  the  L'nited  Stales,  from  Maine  lo  Florida,  are  supplied 
witli  such  a  variety  and  abundance  of  excellent  fish,  while  thoee  in 
the  Gulf-stream  are  very  inferior  on  account  of  its  warmth,  for  as  a 
general  rule  the  best  lish  for  the  table  live  in  cold  water. 

The  Celtic  belt  stretches  alonj:  the  Tirginian  coast  on  the  west ; 
it  includes  the  seas  round  the  British  islanils,  from  Shetland  to  the 
northern  parts  of  the  Bay  of  Biscay,  as  well  as  the  North  Sea  and 
the  Baltic.  The  British  islands  lie  between  two  great  provinces  of 
fishes,  one  on  the  south,  the  other  on  the  north,  from  each  of  which 
we  have  occasional  vi»iior8.  The  tunny,  torpedo,  pilot  fishes,  and 
various  species  of  sharks,  come  at  times  from  our  southern  neigh- 
bour, and  some  years  au'o  a  great  number  of  the  tropical  Bonito  and 
Albicore  arrived  by  the  Gulf-stream,  off  the  coasts  of  Cornwall 
and  Devonshire,  committing  great  ilevastatiuns  among  the  shoals 
of  jiilchards.  In  the  month  of  February  enormous  quantities  of 
cod  arrive  from  the  north,  along  the  coast  of  Norway ;  the  shoals 
are  often  auuiy  yards  deep,  and  so  closely  crowded  together,  that 
the  sounding  lead  can  hardly  pass  between  them ;  16,000,000  havs 
been  caught  in  one  phicc  in  a  few  weeks.  These  shoals  are  on  their 
way  to  the  Dogger  Bank,  a  rich  fishing-ground  in  the  North  Sea, 
from  whence  the  markets  of  England  and  northern  France  are 
supplied  with  a  great  variety  of  excellent  fish.  Bui  the  group  of 
fish  i>ecutiarly  British  has  its  centio  in  the  Irish  Sea ;  it  is  however 
mixed  with  others  from  the  seas  bounding  the  western  shores  of 
Central  Europe,  which  fonn  a  distinct  group.  Herring  fisheries  are 
characteristic  of  the  British  seas.  They  come  in  winter  and  are  ei- 
treuiely  capricious,  frequenting  a  place  in  enormous  quantities  for  a 
few  years,  and  then  forsaking  it  and  going  somewhere  else:  this 
was  particularly  the  case  in  tho  Firlh  of  Forth  in  the  early  part 
of  the  present  century;  however,  they  are  always  exceedingly 
abundant  in  the  seas  that  surround  Ireland  and  Scotland.'     The 


'  Beceat  iavestigatioot  gu  far  lo  prove  that  tbe  herring  ii  twt  migratory. 
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Bay  of  Dublin  is  celcbnted  fur  its  hatldncks— a  fiih  found 
where  in  oar  seas ;  »ii<)  joent  •lioals  of  |iilcbftttls  and  nuckerel  ^ 
the  DovoDsbire  and  Cumigli  coasts  at  diflareiit  suBsons  gf  the  y«m' 
being  amon^  the  number  of  gregarious  and  migrating  fides. 
Wherever  the  sca-bcd  ia  of  sand  or  mud  round  our  coast*,  there 
turbot,  eole«,  and  other  fiat-fiah  ainund. 

The  connraoii  salmon  does  not  exist  south  of  the  4dth  parallel  of 
north  latitude  m  the  east  coast  of  America,  and  it  is  probalily  con- 
fined within  similar  Irmtts  on  the  eastern  coast  of  Asia.  It  is  nid 
to  be  an  isbabitant  of  all  the  northern  parts  of  thu  Old  Worldt 
from  the  entrance  of  the  Bi^r  of  Biticay  to  North  Cape,  atiil  along 
the  arctic  shores  of  Asia  and  Ramtcbatka  to  the  sea  of  OkhoUk, 
Including  the  Baltic,  White  Sea,  Gulf  of  Kara,  and  other  inleti^ 
Other  B)i«ciGS  of  the  satnion  tribe  are  plentiful 
the  rirars  in  Ramtcbatka  and  on  the  op^iosile  coast  of  Ami 
for  south  as  Ore^ion,  but  they  do  not  appear  to  extend 
These  delidous  fish  are  found  iu  vast  numbois  in  the  rapid 
of  British  Columbia  and  YancouTor  Island,  and 
afford  the  chief  sustenance  to  the  Indians  of  those  countries. 
Salmon  is  so  far  a  sea-fish  that  it  only  goes  up  rivers  to  Epawo, 
and  if  bj  chance  it  is  prevented  fioni  returning  (o  tbe  sea  il 
becomes  sickly.  They  make  extraordinary  leaps  ovc 
of  rocks  and  walls  in  order  to  reaob  a  suitable  place  to  deposit. 
«^^.  It  is  entirely  a  cold-water  fish,  and  the  new  plan  of 
ing  its  spawn  in  rivers  which  salmon  haTe  not  hitherto  freqi 
will  probably  succeed  if  these  rivers  empty  themselTes  ' 
•ea;  but  if  they  6ow  into  a  warm  one,  the  fish  may  lire,  bot 
be  very  indifferent  for  the  table. 

In  the  three  preceding  belts  of  marine  life  the  specice  have 
the  same  on  both  sides  of  the  Atlantic,  hut  that  ia  no  longer] 
case  south  of  the  44th  parallel  of  north  latitude,  pertly  on  acconnt 
of  the  dtptb  of  that  ocean  and  also  from  the  absence  of  ialando. 
The  Lusltauian  or  Spanish  belt  embraces  the  Bay  of  Biscay,  the 
sens  on  the  west  coasts  of  Sjiain  and  Africa,  so  far  aa  the  Asorei, 
iMid  eitends  w(i«t  to  the  Canaries.  Pilchnids  abound  in  the  Bay  at 
Biscay,  and  in  odier  places  there  are  numerous  species  of  mullel 
near  the  mouths  of  rivers ;  in  general  the  fauna  Is  similar  to  that  in 
the  Mediterranean. 

§  4.  The  late  Prince  Charles  Lucien  Bonajwrte  has  shown  that 
there  are  853  sjiccies  of  Ennipeau  fish,  of  which  210  lite  in  intti 
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wftter,  643  are  marine,  and  60  of  the  latter  go  op  riven  to  spawn : 
444  of  the  nanno  species  inhabit  the  Mediterranean,  216  are  found 
off  the  Ilritieh  coasts,  and  171  are  pecoliai  to  the  ScandinaTisn 
Beas;  so  that  the  Meditenanean  is  richest  in  variety  of  tpeciea.  In 
it  there  are  several  peculiar  sharks,  the  sword-fish,  dolphins,  an- 
chovies, and  numerous  species  of  the  scomber  or  mackerel  tribe ; 
one  of  the  largest  of  which,  indeed  of  all  edible  fish,  is  the  tunny, 
for  which  fisheries  of  great  commercial  importance  are  established 
on  the  southern  coasts  of  France,  ia  Sardinia,  Elba,  the  Strait  of 
Hessina,  and  the  Adriatic.  Numerous  species  of  skate  or  ny  are 
particularly  characteristic  of  this  sea,  especially  the  torpedos,  which 
have  the  power  of  producing  a  galvanic  shock,  and  even  emitting 
nndor  certain  circumstances  an  electric  spark. 

'Hie  Uediterranean  furnishes  only  two  or  three  American  apeciea, 
a  few  iu  common  with  the  Bed  Sea,  and  a  smaller  number  still 
seem  to  be  Indian.  Sonte  of  these  species  had  probably  entered 
the  Mediterranean  before  it  was  separated  from  the  lied  Sea  by  the 
Isthmus  of  Suez,  for  geological  changes  have  had  very  great  in- 
fluence oil  the  distribution  of  Mies  everywhere.  Although  the 
communication  with  the  Black  Sea  is  so  direct,  there  are  only  27 
common  to  It  and  the  Mediterranean,  no  doubt  on  account  of  diffei^ 
enco  of  temperature  in  the  water.  The  Black  Sea  forms  a  district 
by  itself,  having  its  own  peculiar  ichthyology ;  and  tbo  fishes  of 
the  Caspian  Sea  differ  entirely  from  those  in  every  other  part  of  the 
globe.  Madeira,  insulated  amid  a  great  expanse  of  ocean,  hoi 
many  peculiar  spocies ;  they  amount  in  number  to  half  of  those 
in  Britain,  and  nearly  as  many  are  common  to  Britain  and  Madeira 
■a  to  that  island  and  the  Meditcnanean,  so  that  many  of  our  fish 
havo  a  wide  range  in  the  Atlantic.  The  temperature  of  the  Medi- 
terranean is  too  high  to  furnish  good  fish  for  the  table ;  the  best 
are  indifferent  when  compared  with  those  of  our  more  northern 
latitudes. 

§  6.  Dr.  Richardson  has  fonnd  that  there  is  one  great  bomozoic 
belt  in  the  Pacific,  extending  42°  on  each  dde  of  the  equator,  be- 
tween the  meridians  including  Australia,  New  Zealand  and  the 
Haky  Archi[>claj;o,  China,  and  Ja[»n,  in  which  the  genera  are  tbe 
same ;  but  at  its  extremities  the  arctic  and  antarctic  genera  are 
mingled  with  the  tropical  forma.  Many  species,  however,  which 
abound  in  the  Indian  Ocean,  range  as  far  N.  as  Japan,  which  no 
doubt  travel  by  the  Japanese  current  which  sets  in  that  direction. 
The  middle  portion  of  this  belt  is  vastly  extended  in  longitude,  for 
very  many  species  of  the  Red  Sea,  the  eastern  coast  of  Africa,  and 
the  Mauritius,  range  to  the  lodian  and  China  seas,  to  those  of  North 
Australia,  and  through  alt  the  Polyoesian  waters  ;  in  this  immense 
belt,  which  embraces  three-fourths  of  tbe  circumference  of  the 
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■  globe  and  60  degrees  of  latitude,  the  fish  are  very  nearly  all 

^  continuous  chains  of  islands  in  the  Pacific  being  favonrable  t 

j  disj)ersion.    They  are  remarkable  for  extreme  beauty  of  coI< 

which  they  owe  to  the  light  and  heat  of  a  tropical  aun, 
account  of  the  high  temperature  of  the  water  they  are  of  litth 
[  as  objects  of  food.     In  the  North  Pacific  the  geueric  formi 

I  from  those  in  the  Atlantic,  and,  as  in  that  ocean,  they  incn 

numl)er8  and  variety  with  the  latitude.  From  the  near  ap 
of  the  American  and  Asiatic  coasts  at  Dehring  Strait,  the  ; 
both  sides  are  nearly  alike  down  to  the  sea  of  Okbotsk  on  on 
and  to  Admiralty  Inlet  on  the  other.  The  sea  of  Japan  ai 
neijrhbouring  coasts  of  Cliina  are  frequented  by  fishes  1 
northern  forms,  which  are  there  said  to  mingle  with  many  j 
common  to  the  temperate  and  warm  jiarts  of  the  ocean,  a  ci 
stance  entirely  dejiendent  on  the  submarine  currents.  The  fii 
on  the  coasts  of  China  and  Japan  rival  those  on  the  banks  of 
foundland,  for  in  lx>th  cases  cold  currents  run  close  along 
coasts  from  the  N.,  by  which  the  fish  arrive  from  the  highc 
tudea,  while  the  counter-current  from  the  Pacific  Drift  brin 
j  inhabitants  of  a  warmer  sea ;  but  although  these  currents 

I  juxta-i)ositi(m,  it  may  1x3  doubted  whether  the  species   ac 

min«!:lo,  on  account  of  the  difference  in  temjierature  of  th 
streams. 

In  the  South  Pacific  Humboldt's  current  brings  a  quani 
excellent  fish  along  the  coasts  of  Chile  and  Peru,  even  as 
the  equator.     Sixjcies  re])re8entative  of  the  cod  and  genus 
I  generally  reappear   in   the  southern  seas  very  like   those  : 

'  northern,  and  the  sharks  of  the  China  seas  are  for  the  mo! 

identical  with  those  of  Australia ;  the  cartilaginous  fish  to 
the  latter  belong  have  a  much  wider  range  than  most  of  the  o 
I  howev.cr,  five  genera  peculiar  to  the  seas  of  very  high  soi 

latitudes  range  throughout  the  whole  circle  of  the  Antarctic  i 

No  doubt  currents  are  the  highways  of  the  ocean  by 
warm-water  fish  may   travel   to  high   latitudes,  and   cold- 
'.  species  to  low,  without  much  change  of  temix^rature ;   bi 

tropiail  ocean  would  be  a  sea  of  fire  to  ix>lar  fish,  and  yet  tW4 
remarkable  Greenland  genera,*  which  inhabit  such  deep  wate 
they  are  seldom  met  with  except  when  thrown  up  by  a  i 
liave  been  discovered  on  the  coasts  of  New  Zealand  and 
Australia.  Had  these  fish  j^assed  the  tmpics  they  must 
descended  to  a  depth  of  2000  fathoms  before  they  came  to  o 
fwrature  that  they  could  probably  endure.     If  so,  marine  ere: 


*  Notocanthiu  and  Macrourus. 
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must  be  able  to  sustain  the  enormous  pressure  of  12,000  ft.  of 
water,  which  the  late  deep-sea  soundings  show  that  they  do. 

§  6.  With  regard  to  fresh-water  fishes,  most  great  systems  of 
lakes  have  their  peculiar  species,  as  the  lake  of  Baikal ;  and  the 
fishes  of  the  great  inter-alpine  lake  of  Titicaca,  which  amount  to 
seven  or  eight,  belong  to  genera  only  found  in  the  higher  regions  of 
the  Andes.  In  the  North  American  lakes  there  is  a  bony-scaled 
fish,  l)earing  some  analogy  to  those  of  the  Secondary  geological 
epoch ;  there  are  four  species  of  perch  peculiar  to  the  North 
American  waters,  but  of  all  the  si)ecie8,  one  only,  the  pike,  is 
absolutely  identical  with  those  of  our  European  lakes  and  rivers ; 
the  Gillarcx)    trout,   which   is   remarkable   for  having   a  highly  \ 

muscular  stomach,  which  has  been  compared  to  a  bird's  gizzard,  » 

is  found  in  a  few  lakes  of  northern  Ireland  only.     The  fresh-water  \ 

fish  of  northern  climates  are  most  esteemed  for  the  table. 

Each  tropical  river  has  its  peculiar  species.    The  fresh-water  fish  \ 

of  China*  resemble  those  of  India  in  their  generic  forms,  but  not  in 
species,  and  those  of  the  Cape  of  Good  Hope  and  South  America 
diflVr  from  those  of  India  and  China.  Sea-fish,  in  immense  quan- 
tities, frequent  the  estuaries  of  rivers  everywhere ;  the  mouth  of 
the  Mississippi  swanns  with  them,  and  the  quantity  at  the  mouth 
of  the  Don  in  the  Sea  of  Azof  is  prodigious. 

There  arc  singular  analogies  between  the  inhabitants  of  the  sea 
and  land.  Many  of  the*  medusae,  two  corallines,  the  Physalia  or 
Portu^iuese  man-of-war  of  sailors,  sting  like  a  nettle  when  touched. 
A  cuttle-fish  at  the  Cape  de  Verd  Islands,  changes  colour  like  the 
chameleon,  assuming  the  tint  of  the  bottom  on  which  it  rests, 
as  do  some  of  our  fresh -water  fishes.  Herrings,  pilchards,  and 
many  other  aquatic  animals,  are  luminous.  The  medusa%  or  sea- 
nettle  tribe,  which  are  numerous  in  species,  have  also  the  faculty 
of  emitting  light.  In  warm  climates,  especially,  the  sea  seems  to 
be  on  fire,  and  the  wake  of  a  ship  is  like  a  vivid  flame  with  the  all 
but  microscopic  Noctilucaj.  These  luminous  creatures  are  the 
glow-worms  and  fire-flies  of  the  ocean,  while  the  fish  with  great 
eyes  that  live  in  its  dark  abyss  represent  its  bats  and  owls.  But 
among  terrestrial  animals  there  is  nothing  analogous  to  the  pro- 
l>erty  of  the  Gymnotus  electricus  of  certain  South  American  lakes, 
or  of  the  Silurus  electricus  of  the  African  rivers,  and  the  several 
s]x?cieH  of  toqKjdo  of  the  Mediterranean,  which  possess  the  faculty 
of  giving  an  electric  shock  by  means  of  a  very  beautiful  organic 
voltaic  apjxiratus  with  which  they  are  provided. 

§  7.  Besides  these  more  active  inhabitants  of  the  deep,  the  ocean 
is  the  alxKle  of  myriads  of  living  creatures :  shell-fish  or  moUusca, 


*  The  Cliinese  ircsli-water  fish  are  Cyprinidac,  Ophicephali,  and  SiluridK. 
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Crustacea,  star-fish,  sea-urchins,  madrepores,  corallines,  &c.  &€.,  ci 
innumerable  families  and  species,  characteristic  of  Uie  different 
depths  and  homozoic  belts,  all  of  which  strictly  follow  the  law  of 
partial  dispersion ;  some  have  very  wide  areas  of  habitation,  aod  • 
few  genera  are  nearly  cosmopolite. 

Throughout  the  whole  ocean  the  littoral,  or  first  zone  of  depth, 
is  the  space  included  between  the  high-water  mark  and  the  low; 
hence  it  is  exceedingly  yariable ;  in  some  places,  as  in  the  Mediter- 
ranean, it  is  not  more  than  a  foot  or  two  deep,  while  in  the  Bay  of 
Fundy  it  is  60,  and  in  the  British  Channel  30  ft.  On  ererj 
littoral  zone  some  species  of  the  genera  Purpura,  and  Littorina  or 
Turbo,  are  to  be  met  with,  except  in  the  South  AMcan  and  South 
Australian. 

From  the  surface  to  more  than  100  fathoma  in  the  arctic  and 
boreal  belts  there  are  five  distinct  zones  of  depth.  The  first  or 
littoral  zone,  which  extends  to  a  depth  of  15  fathoms,  is  distin* 
guished  by  the  genera  Littorina  or  Turbo,  the  Purpura  or  whdk, 
and  the  Patella  or  limpet ;  the  other  four  contain  various  kinds  of 
mollusca,  star-fish,  sea-urchins,  sponges,  corallines,  and  sea-weedii 
The  most  remarkable  of  these  is  an  arborescent  star-fish  which 
inhabits  the  depths  of  the  North  Atlantic,  and  the  Comatnk 
Europsea,  belonging  to  the  stone-lily  family,  or  crinoids,  which  an 
fixed  to  the  rocks  when  young,  but  become  detached  when  foil* 
grown ;  they  are  numerous  in  the  arctic  *seas  to  the  W.  of  Spitfr 
bergen ;  one  is  met  with  in  the  Indo-Pacific  Ocean,  and  a  species 
has  been  found  in  Dublin  Bay.  They  are  the  last  representatiTOi 
of  those  beautiful  zoophytes  which  characterised  the  oolitic  period. 
The  larger  crustacea  are  exceedingly  numerous  in  this  belt,  6Bp»> 
cially  on  the  rocky  coasts  and  islands  of  Norway,  where  an 
extensive  fishery  supplies  the  English,  Dutch,  and  French  markets 
with  crabs  and  lobsters. 

The  Celtic  belt,  which  includes  the  British  seas,  has  five  zones  of 
depth,  each  of  which  has  its  particular  inhabitants,  consisting  of 
shell-fish,  Crustacea,  corallines,  and  other  marine  animals.  The  fiitl 
zone,  lying  between  high  and  low  water  mark,  is  shallow  in  soms 
places  and  30  ft.  deep  in  others.  In  all  parts  of  the  northern 
hemisphere  it  presents  the  same  phenomena :  but  the  animals  vaiy 
with  the  nature  of  the  coast,  according  as  it  is  of  rock,  gravel,  asnd, 
or  mud.  In  the  British  seas  the  animals  of  this  littoral  or  ooasi 
zone  are  distributed  in  three  groups  that  differ  in  a  marked  Tnfc^TM(r 
from  one  another,  though  many,  as  the  whelk  and  turho,  aie 
common  to  all.  One  occupies  the  seas  on  the  southern  shores  of 
our  islands  and  both  Channels ;  a  middle  group  has  its  centre  in 
the  Irish  seas  and  the  adjacent  coasts  of  England  and  Ireland.  The 
second  zone  extends  ixom  \^<&  lo^-^o^t^r  mark  to  a  depth  of  from  7 
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to  15  fathoms  below  it,  and  is  crowded  with  animals  living  on  and 
among  the  sea-weeds,  as  mollusca,  star-fish,  sea-urchins,  and  many 
zoophytes.  In  the  third  zone,  which  is  below  that  of  vegetable 
life,  marine  animals  are  more  numerous  and  of  greater  variety.  It 
is  particularly  distinguished  by  animals  that  by  their  union  assume 
an  arborescent  form,  and  seem  to  take  the  place  of  plants — carni- 
vorous mollusca,  together  with  large  species  of  radiata.  It  ranges 
from  the  depth  of  16  to  50  fathoms.  The  fourth  zone  is  the  region 
of  more  massive  corals,  peculiar  mollusca,  and  zoophytes  that  only 
inhabit  deep  water.  This  zone  extends  to  100  fathoms,  below 
which  there  are  only  two  kinds  of  shell-fish  and  an  annelid,  or  sea- 
worm,  but  it  is  probable  there  are  more  if  the  sea  were  carefully 
sounded.  Oysters  abound  in  these  seas,  as  well  as  the  mussel, 
cockle,  and  periwinkle.  The  E.  coast  of  America,  which  has  few 
shells,  has  in  this  belt  several  of  those  which  we  find  on  the 
coasts  of  Europe,  the  rest  are  representative.  This  Celtic  belt  has 
received  colonists  from  the  Atlantic  on  one  side,  and  from  the 
boreal  and  even  the  arctic  on  the  other.  Those  from  the  two  latter 
arc  reij^arded  as  descendants  of  members  of  the  fauna  of  this  area  as 
it  existed  before  the  glacial  period.  The  number  of  animals  in  the 
Celtic  zone  is  very  great 

In  the  Mediterranean  generally  there  are  five  zones  of  depth,  of 
which  the  first  is  a  mere  narrow  strip  along  the  coasts,  in  which 
the  creatures  differ  according  as  it  is  rocky  or  sandy;  but  the 
nearly  cosmopolite  genera  of  purpura  and  littorina  are  found  here 
also.     The  second  zone,  which  descends  to  15  fathoms,  abounds  in 
cuttle-fish,  and  has  some  very  peculiar  species  of  Echini.   ITie  third 
zone  is  the  region  of  si)onges,  which  form  an  object  of  commerce, 
together  with  various  corallines  and  peculiar  shells.     The  most 
reuiarkable  production  of  the  fourth  zone,  which  descends  to  100 
fathoms,  is  the  red  coral  used  for  ornaments  ;  it  is  obtained  at  con- 
siderable depths  off  the  coast  of  Sicily  and  Sardinia,  but  chiefiy  off 
the  N.  coast  of  Africa,  between  Tunis  and  Algiers,  and  in  the 
Grecian  Archipelago.    All  abound  in  living  creatures,  for  this  sea  is 
extremely  rich  and  varied  in  its  inhabitants.     The  observations  of 
the  late  Professor  E.  Forbes  in  the  Egfcan  Sea  were  particularly 
interesting.     He  found  that  from  the  surface  to  the  depth  of  230 
fathoms  there  are  ei«:ht  distinct  zones,  each  of  which  has  its  par- 
ticular vegetation  aud  inhabitants.     The  number  of  moUusks  and 
other  marine  animals  is  greater  specifically  and  individually  between 
the  surface  and  the  depth  of  two  fathoms  than  in  all  the  seven 
regions  lower  down  taken  together,  and  both  decrease  downwanls 
to  the  depth  of  105  fathoms ;  between  which  and  the  depth  of  230 
only  eight  species  of  shells  were  found ;  animal  life  ceases  in  that 
part  of  the  Mediterranean  at  300  fathoms,  but  it  has  been  already 

2  Q 
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stated  that  recent  and  more  accurate  inyestigationa  of  the  deep 
sea  have  revealed  the  existence  of  animal  life  at  the  greatest 
depths.  The  changes  from  zone  to  zone  are  not  abrupt ;  some  of 
the  species  of  an  inferior  region  always  appear  before  those  <^  the 
region  above  vanish;  and  although  there  are  a  few  species  the 
same  in  some  of  the  eight  zones,  only  two  are  common  to  all 
the  eight. 

§  8.  All  circumstances  combine  to  produce  a  rich  marine  &mia 
on  the  western  side  of  the  tropical  Atlantic,  llie  Caribbean  proyinoe 
is  the  only  part  of  that  ocean  in  which  a  region  of  ooral  reefi 
exists ;  besides,  it  is  inhabited  by  mollusca,  articulata,  and  radiata, 
strikingly  representative  of  the  forms,  but  entirely  different  in 
species  from  those  in  the  Indo-Pacific.  The  difference  between  the 
Caribbean  assemblage  of  marine  life  and  that  in  the  Gulf  of  Mezko 
on  the  one  hand,  and  along  the  extensive  shores  of  Brazil  on  the 
other,  appears  chiefly  to  arise  from  the  nature  of  the  bottom  of  the 
sea.  The  number  of  species  that  range  from  Florida  to  Rio  Januio 
is  very  great. 

In  the  Indo-Pacific  region  the  inhabitants  of  the  several  zones  of 
depth  are  not  yet  well  known,  but  different  species  of  the  Purpoim 
and  Littorina  still  succeed  each  other  along  the  western  coasts  of 
the  American  continent;  and  although  species  of  these  two  genera 
still  prevail,  there  is  a  similar  representative  succession  of  species  of 
the  beautiful  Haliotis,  or  Sea  Ear,  from  Tasmania  to  Behring  Strait 
This  noble  ocean  is  the  very  realm  of  reef-building  corals ;  they 
fill  it  from  tropic  to  tropic,  with  the  exception  of  an  area:W.  ftom 
the  coasts  of  Central  America,  and  another  between  North  Australia 
and  the  shores  of  India  and  China.    In  these  calm  and  limpid 
waters  the  madrepores  and  branching  corals  are  covered  with  living 
creatures  of  the  most  varied  forms  and  of  every  colour,  either 
hanging  on  them  like  leaves  and  flowers,  or  clinging  to  them  like 
mosses  and  lichens,  while  the  clear  sand  below  is  covered  with  the 
singular  forms  and  tints  of  the  Echinodermata,  or  variegated  like  a 
bed  of  ranunculuses  with  the  sea  anemones.    In  these  living  groves 
brilliant  green  contrasts  with  brown,  bright  red,  golden  yellow,  and 
purple  of  every  shade,  from  the  ruddy  to  the  purest  azure.     The 
brilliant  rosy,  yellow,  or  peach-coloured  nullipores  overgrow  the 
decaying  masses,  and  are  themselves  interwoven  with  the  pearl- 
coloured  plates  of  the  retipores,  resembling  the  mosl  delicate  ivoty 
carvings,  while  close  by  wave  the  trellis-like  lilac  and  yellow  firns 
of  the  gorgonias,  the  milk-white  bells  of  the  jelly-fish  float  softly 
in  the  clear  water,  and  the  little  fish  sparkling  with  every  gay 
metallic  hue  dart  through  the  whole  in  chase  of  their  jMrey.     When 
the  shades  of  evening  fall  the  sea  shines  like  the  Milky-way  with 
myriads  of  brilliant  sparks ;  the  microscopic  medusas  and  cruata- 
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ceans  invisible  by  day  form  the  beauty  of  the  night ;  and  the  sea- 
feather,  yermilion  in  daylight,  now  waves  in  a  green  phosphorescent 
light ;  every  part  of  it  is  luminous ;  even  those  which  are  dull 
brown  now  become  radiant  in  the  most  wonderful  play  of  green, 
yellow,  and  red  light ;  and  the  8un-6sh '  with  its  silver  disc  six 
feet  broad  moves  slightly  luminous  among  these  lesser  fires.'    The 
nautilus  and  harp  are  among  the  most  beautiful  of  the  tropical 
shells, — the   pearl  oyster  (Meleagrina  Margariti/erd)  one  of  the 
most  celebrated ;  it  abounds  throughout  the  Persian  Gulf,  and  on 
the  coasts  of  Borneo  and  Ceylon,  and  produces  the  finest  pearls. 
I^ere  are  other  pearl-bearing  shells  in  the  Pacific,  especially  in  the 
Bay  of  Panama,  and  of  an  inferior  description  in  the  Caribbean  Sea. 
Some  shell-fish  are  exceedingly  limited  in  their  distribution,  as  tfafe 
Haliotis  gigantea,  which  is  peculiar  to  the  seas  S.  of  Australia  and 
the  shores  of  Tasmania.    The  E.  and  W.  coasts  of  intertropical 
Africa  have  a  totally  dissimilar  fauna,  and  the  E.  and  W.  coasts  of 
tropical  America  have  only  one  molluscous  animal  in  common,  and 
both  differ  from  those  in  the  islands  of  the  Pacific  and  the  Gala- 
pagos Archipelago,  which  last  forms  a  distinct  region.     Notwith- 
standing the  many  definite  marine  provinces,  the  same  species  are 
occasionally  found  in  regions  widely  separated.    A  few  of  the  shells 
of  the  Galapagos  Archipelago  are  analogous  with  those  of  the 
Philippine  Islands ;  the  Cypnea  moneta  lives  in  the  Mediterranean, 
the  seas  of  South  Africa,  the  Mauritius,  the  East  Indies,  China, 
and  the  South  Pacific,  even  as  far  as  Tahiti,  and  the  Janthina 
fragilis,  the  animal  of  which  is  of  a  beautiful  violet  colour,  floats  on 
the  surface  in  every  tropical  and  temperate  sea.     The  mollusks 
have  a  greater  power  of  locomotion  than  is  generally  supposed. 
Some  migrate  in  their  state  of  larva,  being  furnished  with  lobes 
which  enable  them  to  swim  freely.    The  larva  of  the  common 
scallop  is  capable  of  migrating  to  distant  seas,  the  argonauta  and 
nautilus  float  or  swim  along  the  surface. 

§  9.  Before  Sir  James  Rosses  memorable  voyage  to  the  Antarctic 
seas,  the  profound  and  dark  abysses  of  the  ocean  were  supposed  to 
be  entirely  destitute  of  animal  life,  now  it  has  been  proved  that  no 
part  of  it  is  uninhabited.  For  although  the  silicious  microscopic 
shells  brought  up  from  the  depths  of  1000  fathoms  in  Erebus  Bay 
have  proved  to  be  the  exuviie  of  plants  and  not  of  a  shell-fish,  the 
discovery  led  to  an  investigation  of  the  sea-bed  in  both  of  the  great 
oceans.  During  the  soundings  across  the  North  Atlantic  for  the 
electric  telegraph  cable  in  1857,  the  mud  that  was  brought  up  from 
the  bottom,  at  a  depth  of  more  than  three  miles,  was  found  to  be  in 
a  great  measure  formed  of  microscopic  calcareous  shells ;  scarcely  a 

>  The  Orthagorisciu  mola.  '  Schleiden'f  Lecturw. 
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grain  of  sand  was  among  them ;  the  bottom  of  the  Gfnlf  of  Mexico 
and  of  the  Gulf-stream  is  everywhere  a  mass  of  miorosoopic  ehrils 
of  the  most  delicate  stnictm-e,  and  in  a  state  of  complete  preserva- 
tion, which  shows  that  the  sea  is  calmly  tranquil  at  these  depths. 
But  the  bottom  of  the  ocean  is  now  known  by  deep-«ea  aoundingi 
to  be  the  abode  of  the  living  as  well  as  the  vast  sepulchre  (A  the 
dead.  In  sounding  to  ascertain  the  nature  of  the  base  of  the  North 
Atlantic  for  laying  telegraphic  lines,  Dr.  Wallich,  naturalist  to  the 
expedition,  found,  at  a  depth  of  about  a  mile  and  a  half  midway 
between  the  N.  of  Ireland  and  Greenland,  that  95  per  cent,  of  the 
matter  of  the  ocean-bed  consists  of  living  foraminifera  of  the  group 
Globigerina.  Mixed  with  these  was  a  vast  quantity  of  moat  minote 
bodies  called  Coccolites,  both  singly,  and  attached  at  regular  distances 
on  cell-like  bodies ;  both  are  transparent  and  colourleBS,  and  im* 
bedded  in  gelatinous  matter.  Bodies  identical  with  these  are  found 
to  constitute  the  bulk  of  the  material  of  which  the  vast  chalk 
deposits  are  formed,  and  Professor  Huxley  has  discovered  in  the 
ooze  brought  up  from  the  greatest  depths  of  the  Atlantic  and  Indian 
oceans  a  film  of  living  organic  substance  to  which  he  has  given  the 
name  of  Bathybius,  and  which  has  been  termed  Protoplasm,  the 
lowest  form  of  life.  Two  worms  or  annelids  were  also  discovered  at 
these  great  depths :  one  that  coats  itself  with  a  tube  of  the  shells  of 
young  Globigerin®  nicely  cemented  together ;  in  the  other  the  tabe 
ia  lined  with  a  tough  substance  of  a  rich  sienna  colour.  These  seem 
to  perforate  the  shells  of  the  Globigerinse,  and,  could  they  bore 
through  gutta  percha,  it  would  be  vain  to  lay  a  telegraphic  line » 
but  happily  it  is  impervious  to  annelids  unless  they  can  secrete  a 
chemical  solvent :  thus  it  is  important  to  ascertain  whether  these 
marine  insects  are  capable  of  ruining  the  noblest  work  of  man.^ 
The  deep-sea  soundings  made  in  the  summer  of  1869,  in  the 
Porcupine,  by  Dr.  Carpenter,  Professor  Wyville  Thomson,  and 
Mr.  Gwyn  Jeffreys,  have  finally  settled  the  question  of  the  ex- 
istence of  living  animals  at  great  depths  in  the  ocean.  At  2,435 
fathoms  in  the  Atlantic,  species  of  Crinoids,  Echinoderma, 
Mollusca,  and  Crustacea  were  found  in  a  temperature  of  36*5^  of 
Fahrenheit 

§  10.  The  quantity  of  minute  animal  life  in  the  ocean  exceeds  all 
imagination,  llie  discoloured  portions  of  the  seas  generally  owe 
their  tints  to  myriads  of  minute  animalcula.  Dr.  Poeppig  men- 
tions a  stratum  of  red  water,  near  Cape  Pilares,  24  miles  long  and  7 
broad,  which,  seen  from  the  mast-head,  appeared  of  a  dark-red 
oolour ;  on  entering  it  became  of  a  brilliant  purple,  while  the  water 
in  the  wake  of  the  vessel  was  of  a  rosy  hue.     The  water  itself  was 
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perfectly  transparent,  but  small  red  masses  could  be  discerned  moving 
in  spiral  lines.  The  colour  of  the  Vermilion  Sea  ofif  the  coast  of 
California  is  no  doubt  owing  to  a  similar  cause ;  Mr.  Darwin  found 
red  and  chocolate-coloured  water,  which  had  been  before  observed 
by  Ulloa  on  the  coast  of  Chile,  over  spaces  of  several  square  miles, 
full  of  microscopic  animalcula,  darting  about  in  every  direction, 
and  sometimes  appearing  to  explode.  Professor  Dana  mentions,  in 
his  memoir  on  the  Distribution  of  the  Crustacea,  having  sailed 
through  an  extensive  area  of  "  bloody  water  "  off  the  coast  of  Chile, 
which  owed  its  colour  to  myriads  of  minute  Crustacea :  he  met  with 
another  instance  of  the  same  in  the  tropical  Atlantic. 

These  minute  forms  of  organic  life,  invisible  to  the  naked  eye,  are 
extensively  distributed  throughout  the  ocean ;  the  small  points 
which  shine  at  night  are  sometimes  so  numerous  that  they  give  a 
milky  colour  to  the  sea  by  day,  but  several  varieties  of  infinitesimal 
creatures  are  intensely  and  extensively  developed  in  both  the  polar 
oceans,  aud  serve  for  food  to  the  higher  orders  of  fishes  in  latitudes 
beyond  the  limits  of  the  larger  vegetation,  though  they  themselves 
probably  live  on  the  microscopic  plant  already  mentioned,  which 
abounds  in  all  seas.  In  the  Arctic  Ocean,  where  the  water  is  of  a 
pure  transparent  ultramarine  colour,  areas  of  20  or  30  square  miles, 
and  1500  feet  deep,  are  green  and  turbid  from  the  quantity  of 
minute  animalcula. 

The  enormous  prodigality  of  animal  life  supplies  the  place  of 
vegetation,  so  scanty  in  the  ocean  in  comparison  with  that  which 
clothes  the  land ;  still  it  probably  would  be  insufficient  for  the 
supply  of  the  marine  creation  were  the  deficiency  not  made  up  by 
the  superabundant  land  vegetation  and  insects  carried  to  the  sea 
by  rivers.  The  fish  that  live  on  seaw^eed  must  bear  a  smaller  pro- 
portion to  those  that  are  predaceous  than  the  herbivorous  animals 
on  land  do  to  the  carnivorous.  Fish  are  certainly  most  voracious ; 
none  are  without  their  enemies ;  they  prey,  and  are  preyed  upon  ; 
and  there  are  species  which  even  devour  the  live  coral,  hard  as  ita 
coating  is ;  nor  does  the  coat  of  mail  of  the  MoUusca  and  Crustacea 
protect  them.  Whatever  the  proportions  may  be  which  predatory 
fish  bear  to  herbivorous,  the  quantity  of  both  must  be  enormous, 
for,  besides  the  infusoria,  the  great  forests  of  fuci  and  seaweed  are 
everywhere  a  mass  of  infinitely  varied  forms  of  animal  life,  either 
parasitical,  feeding  on  them,  seeking  shelter  among  them,  or  ia 
pursuit  of  others. 

§  11.  The  polar  seas  are  the  habitations  of  the  hugest  and  the 
most  minute  of  the  creatures  whoso  dwelling  is  in  the  deep.  They 
are  the  home  of  the  marine  mammalia,  the  largest  of  living  crea- 
tures, which,  as  their  name  implies,  suckle  their  young.  While 
fish  breathe  by  gills  which  separate  the  air  dissolved  in  the  water 
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from  it,  the  marine  mammalia  are  famished  with  Inngs  and  imifin 
like  terrestrial  quadrapeds,  so  that  they  are  obliged  to  oome  to  the 
surface  from  time  to  time  to  inhale  the  air.  They  form  two  ^H^tiwrt 
families,  Phocae  or  seals,  and  Cetacea  or  whales.^ 

Seven  species  of  the  seal  tribe  live  in  the  Arctic  Ocean  and  the 
North  Atlantic,  but  the  Greenland  seal,  the  bearded  or  great  seal, 
and  the  Phoca  leporina,  are  also  found  in  the  high  latitudes  of  the 
North  Pacific.  Seals  live  exclusively  on  fish,  and  are  seldcnn  found 
at  a  great  distance  from  land  or  ice  islands ;  their  fiivourite  haunts 
are  the  polar  oceans  and  des^  islands  in  high  latitudes,  where  th^ 
bask  in  hundreds  on  the  sunny  shores  during  the  brief  summer  of 
these  inhospitable  regions,  and  become  an  easy  prey  to  man,  who 
has  nearly  extirpated  the  race  in  many  places ;  1,000,000  are  killed 
annually  in  the  South  Atlantic  alone.  The  common  Greenland 
seal  is  six  or  seven  feet  long,  with  a  face  like  that  of  a  dog,  and 
a  large  intelligent  eye.  It  is  easily  tamed,  and  in  the  Orkney 
Islands  it  is  so  much  domesticated  that  it  follows  its  master,  and 
helps  him  to  catch  fish.  This  seal  migrates  in  herds  twice  in  the 
year,  and  returns  again  to  its  former  haunts.  They  oome  to 
the  coasts  of  Northern  Europe  and  the  British  Islands  at  the  time 
of  their  migrations,  but  it  may  be  considered  a  constant  inhabitant 
of  our  northern  shores.  The  walrus,  a  grim-looking  creature,  with 
tusks  two  feet  long,  bent  downwards,  and  its  nose  covered  with  strong 
transparent  bristles,  has  a  body  like  that  of  a  seal,  20  feet  long^  with 
a  coat  of  short  gray  or  yellow  hair.  It  sleeps  on  the  floating  kx^ 
feeds  on  seaweed  and  marine  animals,  and  lives  chiefly  in  the  Arctic 
Seas,  but  sometimes  is  met  with  in  Behring  Strait,  the  coasts  id 
Magdalen  Island,  and  very  rar^y  in  the  Gulf  of  St.  Lawruioe. 
Largo  herds  of  seals  reach  the  coasts  of  Labrador  on  the  fields  of 
ice  borne  by  the  currents  from  Davis  Strait,  and  there  they  fall 
a  prey  to  the  fishermen  who  watch  {or  the  annual  arrival  of  these 
"sea-meadows."  It  is  computed  that  upwards  of  1,000^000  sie 
killed  every  year  in  the  northern  hemisphere. 

Seals  abound  in  the  Antarctic  seas  and  the  high  southern  lati- 
tudes.   Sir  James  Ross  found  some  of  the  islands  in  the  Antarctk 

*  The  Phoc«  consist  of  seals  properij  so  called,  without  external  cuii 
inhabiting  our  Northern  seas ;  of  Otari»,  or  eared  seala,  chiefly  oonfiael 
to  the  Antarctic  latitudes;  and  of  the  anomalous  Trichecus,  or  Walrw. 
The  Cetacea  are  subdivided  into  the  Manatus  and  Dugong,  which  aie 
herbivorous  and  live  within  the  tropics;  all  the  rest  are  predaoeou^ 
namely,  Dolphins  or  Porpoises,  the  Cachalot  or  Spermaceti  Whale,  and  the 
Whalvbone  Whales,  or  Balcnids,  to  which  belong  the  Greenland  or  Right 
Whale,  the  Rorquals,  &c.  It  is  no  doubt  contrary  to  all  xoological  mk 
to  place  mammalia  among  fishes,  but  the  object  of  this  chapter  is  imthflr 
to  convey  some  idea  of  the  inhabitants  of  the  ocean  than  te  foUow  thiir 
scientific  affinitMs. 
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Ocean  overrun  by  the  Phooa  elephantina,  or  the  sea-elephant  The 
fur  specieSf  Arctocephalus  ursinus,  was  also  very  numerous,  chiefly 
about  the  Falkland  Islands.  At  one  time  it  frequented  the  southern 
coasts  of  Australia  in  great  numbers,  but  this  and  other  specien 
have  now  become  scarce,  £:om  the  indiscriminate  slaughter  of  old 
and  young. 

The  marine  cetacea  consist  of  three  groups— dolphins  or  por- 
poises ;^  the  spermaceti  whales,  or  Physeters,  which  live  on  fish, 
and  are  provided  with  long  jaws  and  numerous  teeth  in  the  lower 
one ;  and  whales,  properly  so  called,  which  have  no  teeth,  but  are 
furnished  with  whalebone  inserted  in  the  upper  jaw,  the  extreme 
filaments  of  which  act  as  a  kind  of  net  to  catch  the  small  marine 
animals  which  form  their  principal  food.  The  cetacea  breathe  by 
an  opening  in  the  centre  of  the  head,  called  by  whalers  the  blower, 
corresponding  to  the  nose  of  terrestrial  mammalia,  and  which  also 
serves  to  expel  the  water  taken  into  the  mouth  with  the  food,  in 
the  form  of  jets,  which  vary  in  height  and  form  according  to  the 
species. 

The  most  singular  and  beautiful  of  the  dolphin  tribe  is  the  Nar- 
whal or  sea-unicorn  {Monodcn  monoceros)^  which  has  a  tusk  of  fine 
ivory,  wreathed  with  spiral  grooves,  extending  eight  or  10  feet 
straight  from  the  head ;  in  general  there  is  only  one  tusk,  but  there 
are  always  the  rudiments  of  another,  and  occasionally  both  grow  to 
an  equal  length.  The  old  narwhals  are  white,  with  blackish  spots ; 
the  young  are  of  an  uniform  dark  colour.  This  singular  creature, 
which  is  about  16  feet  long,  swims  vnth  great  swiftness.  Dr. 
Scoresby  has  seen  15  or  20  at  a  time  playing  round  his  ship  in  the 
Arctic  seas,  and  crossing  their  long  tusks  in  all  directions,  as  if  they 
were  fencing.  They  live  among  the  fields  of  ice  between  the  N. 
parallels  of  70^  and  80°,  in  Davis  Strait,  Disco  Bay,  and  the  gulls 
and  creeks  of  Greenland.  Some  wander  as  far  S.  as  Scotland  and 
the  northern  coasts  of  Europe,  but  very  rarely. 

The  spermaceti  whale,  Cachalot,  or  Physeter,  belonging  to  the 
tribe  of  the  predaceous  spouters,  is  one  of  the  most  formidable  in- 
habitants of  the  deep.  Its  average  size  is  60  feet  long  and  40  feet 
in  circumference ;  its  head,  equal  to  a  third  of  its  length,  is  ex- 
tremely thick  and  blunt  in  front,  with  a  throat  wide  enough  to 
swallow  a  man.  The  proportionally  small  swimming  paws,  or 
pectoral  fins,  are  at  a  short  distance  behind  the  head ;  and  the  tail, 
which  is  in  the  form  of  a  triangle  six  or  seven  feet  long  and  often 


*  The  camiTorous  cetacea,  with  a  few  remarkable  exceptions — the  Inia 
Geoffroyi  and  others  of  the  upper  Aroaxoo  and  its  tribntories,  and  the 
Platanista  Oangetica  of  the  Ganges — inhabit  the  ocean.  The  dolphin  teen 
in  the  rivers  of  inner  Africa  is  probably  a  Lamantia  or  Manatua. 
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20  broad,  with  a  notch  between  the  SukM,  ii  its  ohier  otgoa  oT 
proiZTusaive  rooliou  and  defuncc  It  luu  a  himip  of  fat  vu  it«  back, 
is  of  a  Aark  colour,  but  nith  a  verj  unuoth  skin.  Tbewt  apenu- 
wliales  have  two  nual  ^wrturw  or  bbwera  od  the  top  of  th^ 
li«ad,  through  which  they  thiuw  at  each  expiration  a  succeaiion  of 
Jet«  like  Bnioko  at  intervals  of  15  or  20  minutea,  after  which  tli^ 
tow  their  talla  high  in  the  air  and  go  down  he«d  foremoat  to  nut 
dopthi,  where  they  remain  for  a  considerable  time,  and  then  retim 
a^in  to  tho  BurfiLoe  to  hrBBtbs.  The  jet  or  spoilt  is  from  six  lo 
eight  feet  hij^h,  and  consiiiU  uf  water  mixed  with  air  expired  from 
the  lun^  This  whale  contains  speno-oil  and  spenuaceti  in  ereiT 
part  of  its  body :  the  latter  subsMnce,  however,  ia  cbieflj'  iu  a  ^ircat 
rraerroir  in  its  head  which  makea  it  very  buoyant:  ainburgris  is 
stimctimea  fbimd  in  the  inside  of  the  body ;  it  ia  an  intostinal  con- 
crotioD,  with  nsually  the  beaka  of  cuttle-fish  for  a  nucleos.  Theaa 
hu^  iDonaten,  oooamooally  To  fe«t  long,  go  in  great  herds  or  schools 
of  500  or  600.  FeDoales  with  their  jroui^  and  two  or  three  male* 
generally  form  one  company  and  the  yaun^;  iimles  BDOthtr,  wliik 
the  old  males  feed  and  hiint  siiif;ly.  The  Rpenu-whalas  awim  grace- 
fully and  equably  with  the  upper  part  of  the  head  above  water; 
but  when  a  troop  of  them  play  on  the  surface,  some  of  thew  un- 
couth and  gigantic  creatures  leap  with  the  agiiity  of  a  salnuni 
HVeml  feet  into  the  air,  oud  tall  down  (^in  heavily  with  a  ti»- 
uieiujoua  crash  and  noise  like  a  cannon,  drivin;^  the  water  np  in 
lofty  culuutns  citpi>ed  with  foam.  The  fishery  of  this  whale  is 
attended  with  danger :  not  only  the  wounded  animal,  but  its  com- 
jvuiioiu  who  come  to  its  aid,  somotiuios  fight  dedinrately,  killing 
tho  wbulcre  and  tositins  them  into  the  air  with  a  sweep  of  thcor 
trtuueudoua  tails,  or  biting  a  boat  in  two.  In  1820  the  Americaa 
whaler  '  Kssex'  was  wrecked  in  the  Pacific  by  a  spenu-wliale: 
Grit  gave  the  ship  so  violent  a  blow  that  it  broke  off  part  of 
keel ;  then,  retreating  to  a  distance,  it  rushed  furiousiy  ^id  w' 
uuormoua  head  beat  in  a  portion  uf  the  sides;  and  tho  ere 
just  time  to  save  themselves  in  the  boat  when  the  veasel 
'Iliey  often  lie  and  listen  when  suspicious  of  mischief.  No  part  at 
tho  nquoous  globe  ia  free  from  their  visits ;  though  chiefly  tba 
iiihaiiitants  of  southern  latitudes,  they  are  found  nt  tho  Aleutian 
lalaods  in  the  Pacilio,  in  the  North  Atlantic,  Baffin  Bay,  Davis 
Strait,  the  Firth  of  Forth,  and  in  the  estuary  of  the  Thames ;  and 
have  even  been  caught  in  the  Mediterranean  and  Adriatic ;  they 
cbiofiy  live  on  the  sepia  or  cuttle-fish,  &c.,  to  the  deepest  parts  of 
the  wanner  »ens  within  or  near  the  tropics. 

The  family  of  the  Whalebone  whales  coasiwts  of  the 
Greenland  or  Bight  whalu  (_Bala:!>a  M^licrlui)  and  Rorquali 
nqptene).    These  cobaaal  inhabitants  of  the  Iroien 
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medusn  aod  other  smalt  marine  uum&ls,  which  ihey  catch  by  meani 
of  tlie  moveable  plates  and  filaments  of  whalebone  in  their  upper 
jaw.  The  Ricbt  whale  is  from  65  to  70  feet  long,  but  they  are  ao 
much  persecuted  that  they  probably  never  live  long  enough  to 
attain  their  full  growth.  The  head  is  very  large,  but  the  opening 
of  the  throat  is  so  narrow  that  it  can  only  swallow  very  small 
animals.  It  has  no  doisal  Go,  the  swimming  paws  are  about  nine 
feet  lung,  and  the  Sat  tail  is  balf-moon  shaped.  It  has  two  spouta 
Of  nostrils,  through  which  it  throws  jets  like  puffs  of  smoke  some 
yards  high.  It  only  remains  two  or  three  minutes  od  the  surface 
to  breathe  and  then  goes  under  water  for  five  or  six.  The  back  and 
tikil  are  velvet-black,  shaded  in  some  places  into  grey,  the  rest  is 
white;  some  are  piebald. 

The  Itight  whale  swima  slowly  and  is  timid,  and  the  capture  of 
it  is  often  attended  with  iimch  cruelty  on  account  of  its  atfectiun 
for  its  young;  indeed,  the  custom  of  killing  the  calf  in  order  to 
capture  the  motlier  has  caused  much  prejudice  to  the  fisheries  in 
both  hemispheres.  Formerly  the  liight  whale  abounded  every- 
where within  the  Arctic  circle,  and  was  profitably  fished  for  in  the 
Atlantic ;  now  it  is  rarely  to  l;o  seen  in  the  Spitzbergen  and  Green- 
land seas,  it  is  scarce  in  Hudson  Bay  and  Davis  t^trait,  and  is  only 
to  be  met  with  in  numbers  to  the  N.  of  Lancaster  Sound ;  and  that 
in  a  few  years  wili  be  fished  out  in  its  turn.  The  number  of  whale- 
ships  has  been  annually  diminishing,  and  it  is  evident  that  the 
tfade  will  ere  long  come  to  an  end.  An  extensive  fishing -groiind 
has  been  discovered  by  the  ships  sent  in  search  of  ^ir  John  Franklin 
within  Rehring  Stnut ;  but  as  the  whale  here  also  is  pursued  in  the 
same  reckless  manner  by  the  whalers  of  the  United  States,  it  will 

The  whale  found  in  such  multitudes  by  Sir  James  Boas  in  the 
shallow  water  u:i  the  coasts  of  thu  I'aciBc  and  in  the  Antarctic 
Ouan,  must  bo  of  a  difierent  species  frum  the  Hight  whale,  to  whick 
the  tro]>Lcal  waters  would  be  like  a  seaof  fire,  since  it  cannot  endure 
and  never  enters,  warm  water. 

Iliere  are  some  wliales  peculiar  lo  the  North  Pacific  The  in- 
habitants of  the  Aleutian  Islands  mention  four  species. 

llorquals  are  also  Wbalebono  whales,  difi'ering  from  the  Bight 
whale  by  their  mure  elon;^ted  (onn.  The  great  Borqual,  or 
ItoTqualus  liorealis,  from  80  to  100  feet  long,  is  the  largest  of  marina 
animals.  It  is  chiefly  met  with  along  the  edge  of  the  ice  in  the 
seas  round  the  island  of  Jan  Mayen,  between  Dear  and  Cherry 
Islands,  Nuvaia  Zemlia,  Spitzbci^cji — in  fact,  between  the  northern 
parallels  of  70°  and  Tli°;  and  in  open  reasons  it  reaches  as  high  as 
80°;  nevertheless  it  travels  to  lower  latitudes  in  pursuit  of  herrings, 
and  other  fish,  and  isoccasionallyseenoff  and  in  the  Firth  of  Forth. 
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It  had  been  caoght  od  the  coast  of  Norway  as  early  as  the 
800,  and  prob«bly  lung  before.  The  first  northern  navi^lors 
not  )ttnict«d  by  tho  whale  as  an  object  of  iTomniorce,  but  stuiublal 
upon  it  Id  their  search  for  a  N.W.  passa}^  to  the  Pacific.  Tba 
Wwr  Rorquni  lives  in  the  rocky  buys  of  Greenland  in  anminer,  and 
ia  found  on  the  coasts  of  Iceland,  Norway,  the  Hebrides,  and  along 
the  uinsis  of  Scotland.  The  DiuBber  of  whales  of  all  hinds  that 
occasionally  visit  the  Firth  of  Forth  is  very  remarkable  ;  the  author 
hu  frequently  seen  severBl  spouting  at  the  snme  time,  when  sho»l« 
of  herrings  were  coming  up  this  ustuary.  There  may  be  another 
reason  for  their  visits.  When  a  whale  feels  itself  uncomfortable 
from  the  number  of  parasitical  animals,  chiefly  of  the  Bfunacle 
tribe,  that  have  attached  themselves  to  its  skin,  it  rolls  and  tumbles 
about  iu  the  brackish  water  in  the  estuaries  of  rivers  till  it  has  got 
lid  of  them,  aware  that  fresh  water  kills  these  animals.  The 
bottoms  of  ships  encumbered  by  marine  jMrasites  are  divested  of 
them  in  the  same  way. 

The  Humpback  whale,  or  BalKna  gibbusa — a  rorqual  30  or  40 
feet  long — is  met  with  in  the  intertropical  and  southern  regions  of 
the  Pacific  and  Atlantic:  it  is  neldom  molested  by  whalers,  and  is 
very  dangerous  for  boats  from  the  habit  it  has  of  leaping  and  rising 
suddenly  to  the  surface. 

None  of  the  senses  of  the  whale  tribe  are  very  acute :  the  Whale- 
bone whales  appear  to  have  the  sense  of  smelling  more  so  than 
the  others  ;  and  although  the  Sperm  whale  is  inunodiately 
a  companion  being  harpooned  at  a  very  great  distance,  it  does  nqt 
hear  well  in  air,  and  none  appear  lo  have  any  voice.' 

The  Manatus  and  Dugong  form  a  very  small  part  of  the 
family  ;  they  are  herbaceous  and  tropical.  The  Lamantin, 
of  tlio  former,  lives  in  some  rivers  of  Westuni  Africa,  which  it 
ascends  to  n  considerable  distance  from  the  sen ;  and  another 
species  is  found  in  the  rivers  Amazon  and  Orinoco,  where  it  is 
known  as  the  sea-cow.  Its  body  is  round,  and  sometimes  12  or  16 
fe«t  long,  and  it  browses  in  herds  on  the  herbage  at  the  bottom  of 
tho  streams. 

The  Dugong  is  an  inhabitant  of  the  eastern  Archipelago  and  of 
the  shallow  parts  of  the  Indian  Ocean,  where  it  feeds  on  seaweeda ; 
it  is  more  a  marine  animal  than  the  Lamantin,  is  scarcely  ever 
seen  in  fresh  water,  and  is  so  harmless  that  it  allows  itself  to  ba 
liaiidled.  When  it  suckles  its  young  it  swims  upright,  which  has 
probably  given  rise  to  the  fable  of  the  mermaid,     lliis  animal,  lika 


it  doea  nqt 

le  cetaoeolM^H 
in,aspMi«^H 
4,  which  it  ■ 


Chap.  XXXL 


MABINE  MAMMALIA. 


459 


the  Lamantin,  will  sacrifice  its  life  for  its  young,  and  if  hence  held 
as  a  type  of  maternal  affection  among  the  Malays. 

The  animal  called  the  Manatus  Septentrionalis,  or  Rhytina^ 
which  formerly  frequented  the  Arctic  seas  of  Northern  Asia,  is 
probably  one  of  the  herbivorous  cetacea:  it  is  supposed  to  be 
extinct. 


g  1.  PirtiU  dUlrlbutioii  of  nplilea  dfcf  Ibe  globe,    $  2.  Oauifteatia 
replilei.    §  3.  Tbg  fiatnchlniu  or  (hip;  their  charActerutic*  aod  hi 
g  4.  Tbs  Ojihiiliiiu  or  terpcnU;  prevnUuce  vl  Ui«  cUb  in  inb 
f  r«liCfiDou  serpeati;   lii  g«a«n  of  I 
urpsDti ;   frmb-KHter  tniiikn ;    boa  uHutncton ;    pjthsiu,  ■ 
I  5.  The  Sanriaiu  or  tiurd  tribe;  crocoiiilu;  alUgaton;  liu 
or  winged  Uuidi ;  ctumielmiu  ;   aoolli ;   ikinki ;    bntrowing  ■ 
•M-liurdi.     i  S.  Caifduini  or  tortoiHu  and  turtlei ;  their  c 
tlea;   land  tartoiaea ;   fmbwater  torlnitei  and  turtle!;    hawk'a-billl 
''tortoiHiabell"-riBtdiag  tortle;  oil-prodacing  turtles;  Ijre-tuttls.    fl 

Difference  of  ipedes '     ~"        "  ■"       ■" " 

^aence  from  aoiae  a', 

{  1.  ItEPT:i.E8,  more  than  ntiy  other  cia«  of  animala,  a 
partial  distributiuD  of  nnitimted  beings,  owing  to  their  inability  4 
travel  to  any  {^reat  distance;  and  aa  they  inhabit  deaerta,  Ton 
&nd  uiiuiiitival«d  ground,  they  have  been  little  distarbed  b 
who  has  only  destroyed  some  individual*,  but  ha*  di 
the  number  of  Bpeciea,  which,  however,  is  smail  in  compuiKHl  n 
those  that  existed  iti  the  Secondary  gwjo^cal  periodB. 
mammalia  but  few  hybcmatc,  or  fall  into  a  torpid  stat«  in 
nicU  aa  the  bear,  laaniiiit,  dormunso.  Ice.  1'heir  fat  suppUra 
carbon  cousumed  by  the  oxyyen  during  their  feeble  and  im 
oeptible  respiration,  and  is  waated  by  the  time  the  n 
retuma,  which  rousi-s  tbem  from  their  lethargy,  thin  and  ei 
But  reptiles,  beioj;  colder  blooded,  bury  themselves  in  the  gro 
and  byb(<mat«  during  the  winter  in  cold  and  tempemte  olimi 
In  hot  countries  they  fall  into  a  state  of  torpor  during  t' 
season,  so  that  they  have  no  occasion  to  wander 
of  temperature  or  want  of  sustenance ;  and  the  few  that  do  d  _ 
In  quest  of  food  always  return  to  their  old  haunts.  As  the  h 
of  reptiles,  from  the  peculiarity  of  their  circulation,  receives  only  a 
amaLl  part  of  the  oxygen  they  inhale,  little  beat  and  strength  ars 
generated,  and  they  are  for  the  most  part  sluggish  in  their  motioni^ 
which,  however,  ure  more  varied  than  in  mammalia;  but  ai  wiiM 
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reptiles,  such  as  tortoises  and  lizards,  breathe  more  frequently  than 
others,  there  are  consequently  great  differences  in  their  powers  of 
locomotion  and  sensibility. 

§  2.  The  order  of  Reptiles  is  divided  by  naturalists  into  four 
families,  commencing  in  the  ascending  order: — 1.  Batrachians  or 
frogs,  including  toads  and  salamanders ;  2.  Ophidians  or  serpents ; 
3.  Saurians,  including  crocodiles,  lizards,  chameleons ;  and  4.  Emy- 
dians  or  tortoises,  and  turtle.  With  very  few  exceptions,  all  reptiles 
are  oviparous,  or  produce  their  young  from  eggs ;  they  partake  of 
both  terrestrial  and  aquatic  forms,  and  many  are  amphibious ;  they 
all  increase  in  numbers  towards  the  equator,  and  few  live  in  the 
colder  latitudes ;  but  they  can  endure  a  cold  winter  better  than  a 
cool  summer.  Frogs  and  salamanders  have  been  seen  on  the  banks 
of  the  M'Kenzie  river  in  North  America,  where  the  mean  tem- 
perature is  between  7°  and  8°  of  Fahrenheit,  and  where  the  ther- 
mometer in  winter  even  sinks  to  90°  below  the  freezing-point.  The 
Bana  temporaria  lives  as  high  on  the  mountain  slopes  as  the  snow- 
line, the  Itana  alpina  at  the  height  of  4500  feet,  and  the  Anguis 
fragilis  at  an  altitude  of  7700  in  the  Pyrenees.  The  extreme 
southern  limit  of  reptiles,  so  far  as  it  is  known,  is  in  50°  S.  lat.» 
where  a  species  of  iJx>g  was  found  on  the  banks  of  the  river  Santa 
Ctuz. 

The  number  of  species  of  reptiles  in  the  torrid  zone  is  at  least 
double  that  in  the  temperate ;  Australia  has  fewer  than  Europe ; 
and  of  all  places  in  the  Old  World,  Java  is  i)erhap8  the  richest  in 
animals  of  this  order.  America  possesses  more  than  half  of  all  the 
species  known,  the  maximum  being  in  Brazil,  but  every  one  of  them 
is  peculiar  to  the  New  Continent. 

§  3.  The  Batrachians  approach  nearest  to  the  nature  of  fishes, 
and  form  a  link  between  aquatic  and  terrestrial  animals.  In  their 
imperfect  state  of  tadpoles  they  have  tails  and  no  feet,  but  when 
full-grown  they  generally  acquire  feet  and  lose  their  tails.  In  that 
early  stage  they  are  aquatic  and  breathe  by  gills ;  but  in  a  state  of 
maturity  they  breathe  by  lungs  like  quadrupeds,  though  some 
of  the  genera  always  retain  their  gills  and  tails,  and  some  never 
acquire  feet.  These  animals  have  the  power  of  retarding  and  ac- 
celerating their  respiration  without  stopping  the  circulation  of  their 
blood,  so  that  they  can  resist  heat  and  cold  to  a  certain  degree — a 
power  most  remarkable  in  the  salamander,  so  varied  in  appearance 
and  nature,  which  forms  part  of  this  class.  Some,  as  toads  and 
frogs,  imbibe  a  quantity  of  water,  which  is  evaporated  through  the 
pores  of  the  skin,  aud  aids  to  maintain  them  at  the  temperature  of 
the  medium  they  live  in. 

The  group  of  toads  and  frogs  consists  of  four  genera,  which  haTe 
four  feet,  but  without  tails ;  namely,  frogs,  hylas  or  rainettes,  toada, 
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and  pipae.  Frogs,  wliich  are  amphibious,  have  no  nails  <m  their 
toes,  and  their  hind  legs  are  longer  than  the  fore,  and  webbed,  con- 
sequently better  fitted  for  swimming  and  jumping,  which  they  do 
by  leaps.  There  are  above  50  species,  so  that  tiiey  are  more  nume- 
rous and  more  varied  than  any  other  genus  of  reptiles.  The  hylas  or 
tree-frogs  are  all  of  the  most  vivid  and  brilliant  tints,  and  aevenl 
colours  are  frequently  united  on  the  same  species.  They  mostly 
live  on  trees,  and  their  feet  have  little  cushions  at  the  extiemitiei 
of  the  toes,  forming  a  kind  of  sucker,  by  means  of  which  they  can 
squeeze  out  the  air,  and,  by  the  pressure  of  the  atmosphere  they 
adhere  firmly  to  the  underside  of  the  smoothest  leaf,  exactly  on  the 
same  principle  by  which  flies  walk  on  the  ceiling  of  a  room.  The 
Bufo,  or  Toad,  is  the  ugliest  of  the  Batrachians ;  many  are  hideom^ 
with  swollen  bodies,  the  skin  covered  with  wart-like  excreecenceik 
and  obtuse  toes.  They  seldom  go  into  water,  but  frequent  maiahy 
damp  places,  and  only  crawl,  whereas  the  frog  and  hyla  lei^  They 
are  less  numerous  than  either  of  the  other  genera ;  abont  80  species 
are  known.  The  conmion  toad  is  capable  of  being  tamed,  and  even 
of  attachment.  The  PipsB  are  also  toads  of  a  still  more  Hiwgiia^i^ 
form,  and  are  distinguished  from  their  congeners  by  not  having 
an  extensile  tongue.  All  these  reptiles  produce  a  noise  from  the 
lungs,  which  is  exceedingly  varied ;  they  croak  in  concert,  following 
a  leader,  and  when  he  becomes  tired  another  takes  his  place.  One 
of  the  North  American  frogs  croaks  in  bands;  one  band  begins, 
another  answers,  and  a  third  replies,  till  the  noise  is  heard  at  a  gnat 
distance;  a  pause  then  takes  place,  after  which  the  croaking  ii 
renewed.  Mr.  Darwin  notices  a  small  musical  hyla  at  Rio  da 
Janeiro,  which  croaks  a  kind  of  harmony  in  different  notes. 

Toads  and  frogs  are  found  in  almost  all  parts  of  the  earth,  thoD^ 
very  unequally  and  very  partially  distributed.  America  has  mora 
than  all  the  other  countries  taken  together,  and  Europe  the  fewest 
Six  species  of  frogs,  one  rainette,  and  two  toads  are  European ;  and 
all,  except  four  of  the  frogs,  are  also  found  in  Asia  and  Africa.  The 
Rana  temporaria  lives  at  the  height  of  7700  feet  in  the  Pyraeme^ 
and  near  the  snow-line  on  the  Alps. 

None  of  this  family  exist  in  the  Galapagos  Islands,  nor  in  any  of 
the  innumerable  islands  of  Oceania :  there  are  few  in  Australia,  and 
these,  like  its  quadrupeds,  are  peculiar  to  it.  The  absence  of  E^tia- 
chians  from  oceanic  islands  is  one  of  the  most  interesting  £Eu:t8  in 
the  distribution  of  organic  life,  and  is  explained  by  the  impossibility 
of  the  conveyance  of  the  spawn  by  oceanic  currents  or  in  logs  satn- 
rated  by  sea-water. 

The  great  extent  of  marshes,  rivers,  and  forests,  together  with  the 
heat  of  the  climate,  make  America  the  very  home  of  reptiles  of  this 
family,  and  there  they  grow  to  a  greater  size  than  anywhera  ebs : 
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a  great  number  of  species  of  frogs,  tree-frogs,  and  toads  are  in- 
digenous in  that  continent,  not  one  of  wliich  is  the  same  with 
those  in  the  Old  World  ;  and  most  of  those  in  South  America  are 
different  from  those  in  the  northern  division  of  that  continent. 
All  these  reptiles  have  abodes  with  fixed  demarcations,  often  of 
small  extent.  The'  Pipa,  or  large  toad  of  Surinam,  is  the  most 
horrid  in  appearance  of  the  tribe ;  the  Bufo  agua  of  Brazil,  10  or 
12  inches  long,  and  the  Rana  pipiens  or  bull-frog  of  Carolina,  are 
the  largest. 

The  second  division  of  this  family  of  reptiles  have  tails  and  feet, 
as  the  salamanders,  which  are  like  lizards  in  their  general  form, 
having  a  long  round  or  flattened  tail  and  four  feet.  Some  are  ter- 
restrial, others  aquatic ;  the  former  are  known  as  salamanders,  the 
latter  as  newts  or  tritons.  Both  are  found  in  Europe,  but  the 
greater  number  are  American.  The  amphibious  genera  of  Am- 
phiuma,  Menopoma,  and  Syren,  possessing  both  lungs  and  gills,  are 
American  ;  the  latter  are  pecqliar  to  the  marshes  and  rice-grounds 
of  Carolina,  and  the  Axolotl  is  only  found  in  the  great  lake  of 
Mexico.  The  Proteus  anguinus,  of  a  light  flesh-colour,  with  four 
little  feet  and  a  flat  tail,  has  been  hitherto  met  with  only  in  the 
dark  subterraneous  caverns  of  Camiola. 

llie  5th  group  of  this  order  of  Batrachians  are  the  Gascilise,  of 
which  there  are  very  few  species,  all  inhabitants  of  the  warm  parts 
of  Asia,  Africa,  and  America.  They  have  a  cylindrical  body, 
without  feet,  and  move  like  serpents,  thus  forming  a  kind  of  link 
between  the  latter  family  and  that  of  Batrachians.  In  South 
America  they  are  supposed  to  live  in  the  nests  of  ants. 

§  4.  Serpents  are  met  with  in  all  hot  and  temperate  countries, 
but  they  abound  most  in  the  intertropical  regions.  They  are  most 
numerous  in  the  islands  of  the  Indian  Archipelago  ;  whilst  in  those 
of  the  Pacific  they  are  few.  Java  contains  66  species,  which  is  a 
greater  number  comparatively  than  any  other  country  of  a  similar 
extent ;  while  in  Borneo  much  fewer  have  been  found.  Those  in 
Japan  are  peculiar  to  this  group  of  islands.  Wherever  innocuous 
snakes  exist,  there  also  are  some  of  the  venomous  kinds,  but  they  are 
fewer  specifically  and  individually.  Only  about  one-fifth  of  the 
species  of  serpents  are  venomous,  although  that  proportion  is  not 
everywhere  the  same.  In  sterile,  open  countries,  the  proportion  of 
venomous  snakes  is  greater  than  in  those  that  are  covered  with  vege- 
tation. Thus,  in  Australia,  seven  out  of  ten  species  are  poisonous ; 
and  in  Africa,  one  of  every  two  or  three  is  noxious.  In  general, 
however,  the  number  of  harmless  individuals  is  20  times  as  great 
as  the  number  of  the  poisonous. 

The  three  grou^w  of  venomous  serpents  are  the  colubriform  or 
adder-shaped  snakes,  the  triangular-headed,  and  sea-serpents. 
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-  i  The  addcr-farmcd  snakes  are  divided  into  serend  genera. 

Elaps  are  slender  like  a  cord,  with  a  small  head  and  of  bri 
colours.  There  are  four  species  in  South  America,  of  i 
two  are  confined  to  Guiana,  and  one  to  Surinam,  while  the 
is  found  everywhere  from  Brazil  to  Carolina.  There  is  on] 
in  Africa,  three  in  AuKtralia,  and  the  rest  are  in  limited  dii 
in  tropical  Asia,  especially  in  Sumatra  and  Java;  and  an 
genus  is  found  only  in  India  and  the  islands  of  Ceylon  and 
The  hooded  snakes  (or  Cobra  di  capello)  are  the  best  kno^ 
this  family,  especially  the  spectacled  or  dancing  snake  of  the  I 
jugglers,  which  is  common  from  Malabar  to  Sumatra ;  two 
species  are  |)eculiar  to  Sumatra  and  Java.  The  three  or 
African  sjiecies  are  chiefly  met  with  at  the  Cape  of  Grood  Ho]! 
on  the  (luld  Coast ;  but  the  most  celebrated  is  that  generally  k 
as  the  Egyptian  asp,  which  has  been  tamed  by  jugglers  in  ai 
and  modem  times,  and  is  frequently  figured  on  the  Egyptian  i 
ments ;  it  derives  some  of  its  celebrity  from  having  been  the 
posed  cause  of  Cleopatra's  death.  IVo  of  the  genus  in 
Australia,  one  of  which  is  hooded,  but  a  different  species  fron 
of  India. 

The  second  venomous  group  consists  of  the  triangular-h 
serpents,  rattlesnakes,  and  vipers.  The  first  are  of  a  hideons  i 
— a  largo  head,  like  a  heart,  broad  at  the  base  ;  a  wide  mouth, 
their  hooked  poisonous  fangs  strongly  developed.  They  q\ 
watch  their  i)rcy  till  it  is  within  reach,  then  dart  upon  it,  and  i 
the  deadly  wound  in  a  moment  The  yellow  viper  of  the  F 
West  Indian  islands,  the  'i'rigonocephalus  lanceoUtus,  is  one  < 
most  dangerous  snakes  in  existence.  One  species  in  the  Old  \ 
is  to  be  met  with  from  Ceylon  to  the  Philippine  Islands ;  an 
is  a  native  of  Sumatra,  Timor,  and  Celebes ;  two  are  confin 
Java  alone.  Ceylon,  Sumatra,  Japan,  and  Tartary  have  ei 
peculiar  si)ecies  of  this  group. 

The  Crotali,  or  rattlesnakes,  are  all  American — two  live  L 
warmer  districts  of  the  Northern  States,  and  two  in  the  intertn 
resdons  of  South  America.  One  of  the  latter,  however,  has  a 
horn  at  the  end  of  its  tail,  instead  of  a  rattle,  and  sometimes  { 
to  the  lcu<:^h  of  10  feet,  being,  with  the  Trigonocephalufl 
'  longest  of  the  venomous  ophidians. 

Vi])ers  extend  farther  N.  than  any  other  of  the  noxious  1 
two  are  Asiatic,  though  one  is  also  common  to  Africa,  which, 
ever,  has  four  peculiar  to  itself ;  the  only  venomous  serpex 
Europe  are  three  species  of  viper,  one  of  which  is  also  spread 
the  neighbouring;  parts  of  Asia  and  Africa.  The  common 
inliabits  all  central  Europe  and  tem])erate  Asia,  as  far  as 
Baikal,  in  the  AltAi  Mo\KiUix\a  \  \t  is  also  found  in  l^wgUm 
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Sweden  and  the  N.  of  France,  but  does  not  cross  the  Alps,  beyond 
which  it  is  replaced  by  a  distinct  species  frequenting  dry  soils  in 
the  S.E.  of  Europe,  and  which  alone  is  met  with  in  Styria,  Greece, 
Dalmatia,  and  Sicily ;  and  the  Aspic  viper,  which  lives  on  rocky 
ground,  inhabits  France  between  the  Seine  and  the  Pyrenees, 
Switzerland,  Italy,  and  Sicily. 

There  are  many  genera  of  innocuous  serpents,  consisting  of  nume« 
rous  species.  They  are  mostly  terrestrial,  and  their  species  are  very 
limited  in  their  domicile,  the  greater  number  being  confined  to  some 
of  the  islands  of  the  Indian  Archipelago,  Ceylon,  or  to  circumscribed 
districts  in  tropical  Asia,  Africa,  and  America.  Nine  or  ten  species 
are  European,  some  of  which  are  also  found  in  Asia  and  Africa. 

Tree  serpents  of  various  genera  live  only  in  the  great  tropical 
forests  of  Asia  and  especially  of  America.  They  are  long  and 
slender,  the  head  for  the  most  part  ending  in  a  sharp  point,  and 
generally  green,  thouijh  there  are  some  of  brighter  colours ;  many 
of  these  serpents  are  tierce,  though  not  venomous ;  some  feed  on 
birds,  which  they  watch,  hanging  by  the  tail  Irom  a  bough. 

In  all  temperate  and  warm  countries  abounding  in  lakes  and 
rivers  fresh-water  snakes  are  numerous ;  some  live  entirely  in  the 
water,  but  they  mostly  inhabit  the  banks  near  it ;  they  are  excellent 
swimmers,  and  may  be  seen  crossing  lakes  in  shoals.  America  is 
particularly  rich  in  these  aquatic  species,  there  are  several  in  Asia, 
but  they  are  rare  in  Africa,  and  none  have  yet  been  discovered  in 
Australia. 

The  genus  Boa  is  peculiarly  American.  The  boa  constrictor, 
generally  from  9  to  15  feet  long,  lives  in  the  great  tropical  forests  of 
South  America,  where  it  often  watches  its  prey,  hanging  by  the  tail 
from  the  boughs  of  trees.  Two  of  smaller  size  have  similar  habits, 
and  two  are  semi-aquatic,  one  of  which,  the  Anaconda,  is  20  feet 
long,  and  another  6 ;  the  latter  live  on  the  banks  of  rivers  from 
the  Amazon  to  Surinam ;  and  a  species  is  found  at  the  foot  of  the 
Andes  ol  Quito,  at  an  elevation  of  3000  feet. 

Pythons  are  the  largest  snakes  of  the  eastern  continent,  where 
they  represent  the  boas  of  the  western ;  one  species,  which  some- 
times attains  the  length  of  20  feet,  is  spread  from  the  western  coast 
of  Africa,  throughout  tropical  Asia,  to  China  and  Java.  Another, 
14  feet  lon^,  is  confined  to  Malacca  and  some  of  the  Sunda  Islands. 
Two  others  are  found  in  the  island  of  Timor,  and  one  in  Australia. 
There  are  only  two  species  of  Acrochordi,  which,  like  boas  and 
pythons,  twist  themselves  round  their  victims  and  crush  them  to 
death :  one  aquatic,  peculiar  to  Java ;  the  other  is  a  land-snake, 
very  generally  distributed  from  India  to  New  Guinea. 

I'he  West  Indian  islands  possess  the  snakes  of  the  adjoining  con- 
tinent of  America,  and  some  confined  to  themselves;  manv  in 
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Ceiitial  America  &rc  not  round  elwwbere.     The  suakcg  of  Mada- 
gascar are  almost  all  peculiar  to  that  island. 

Sea-«Dakes  frequent  the  ludiau  Ocean,  from  the  Bay  of  Bengal  to 
tlie  Fhilippino  Islandji ;  they  never  ent«r  fresh  water. 

{  6.  SaurJEUis  have  representatiTes  in  every  warm  and  temp«r»te 
rlrQiat«.  The  crocodile,  from  iU  sise  aud  ferocity,  claims  the  first 
place.  There  arc  several  genera  of  thisfaaiily,  all  amphibious,  Liviuz 
in  rivers  or  In  their  estuaries.  True  inncudiles  occur  in  Aida.  Africa, 
and  the  West  Indies;  the  oldest  known  speciea  inhabits  the  Nile 
and  all  its  tributaries,  but  appears  to  have  been  eitiq>ated  in  the 
Delta.  It  is  found  in  all  the  river  systems  o(  Sondau,  t^eIlc^ambia, 
aiid  probably  in  that  of  the  Zoiubeei,  but  there  seems  to  lie  a  dis- 
tinct species  about  Siena  Leoue.'  1'Le  Garials,  which  a]>prciac}i 
nearest  to  the  form  of  certain  fcssil  crocodiles,  are  Asiatic,  and 
extend  from  Western  Australia,  throngh  the  Indian  Archipelagc^ 
lu  all  the  rivers  of  India:  there  are  three  species,  of  which  the 
Qavislis  Gangeticus  is  the  most  celebrated ;  another  siHicios  iuhabits 
the  Guphratet.  The  Alljgatcrsor  Caymans,  peculiar  to  the  American 
continent  and  the  West  India  islands,  have  a  very  extensive  baUtat ; 
they  are  met  with  in  all  the  riven  from  31°  S.  lat.  throui;h  Soath, 
Ceutrel,  and  North  America,  to  32°  Sff  N.  lat.  They  are  most 
numerous  in  the  estuaries  of  the  ereat  rivers,  but  they  are  found 
us  high  as  3000  feet  at  ihe  base  of  the  Andes  of  Quito,  and  they 
are  known  in  some  of  the  rivers  of  Bolivia  at  a  much  greater 
elevation. 

Tic  alligators  of  the  Hississippi,  and  of  the  rivers  and  marshes  of 
Carolina,  are  more  ferocious  than  those  of  South  America,  attacking 
men  and  animals;  they  only  prey  in  the  night;  like  all  their 
conveners,  tbey  cannot  swallow  their  food  in  the  water,  but  they 
drown  the  animal  they  have  caught,  hide  it  under  water  till  it  be- 
comes putrid,  and  theu  drag  it  on  shore  to  devour  it.  liocality  hat 
eunsiderable  influence  on  the  nature  and  habits  of  these  animals ;  in 
one  spot  they  are  very  dangcroes,  while  in  another,  at  no  great 
distance,  they  are  cowardly.  Alligators  are  rarely  more  than  13 
feet  long,  and  are  seen  in  large  herds  basking  on  the  banks  of 
tlieir  cry  is  like  the  roar  of  a  bull :  in  a  storm  they  belbw  lot 


'  Tbt  most  celcbnted  eftdtt  at  thia  diviiion  ii  the  crocodile  of  the  Mik, 
which  prulxtblj  ii  Iji  be  met  iitlh  in  the  upper  brunch  of  that  river,  tht 
liabr-el-Abiitd,  us  high  u  4000  feet  above  the  level  of  the  MS.  latD»n» 
iiuniben  uf  thin  aDinul.  of  every  >iie  nod  ige,  are  rannd  embalmed  in  tbt 
mlWMnibeDrudeatKg7pt,Biidtbej  are  perfectly  idenlical  with  theeiistiOg 
■IKcin,  offeriDK  uDlhrr  proof  of  the  imjiortiuil  fact  first  ■nouUDeed  by 
Cuvier,  fhim  his  eiimiDation  of  tbe  mummira  uf  Ihe  ilils,  &c.  itc.  th)tl 
nil  aninul,  in  it*  wild  atate,  bad  proeuted  tbe  leut  chiuige  since  the  roust 
remato  hiaiorioal  period. 


'9 


Chap.  XXXII.  LIZARDS.  467 

and  are  said  to  be  much  afraid  of  some  of  the  porpoise  family  that 
ascend  the  great  American  estuaries.  The  female  watches  her  eggs 
and  her  young  for  months,  never  losing  sight  of  them;  but  the 
male  devours  many  of  them  as  soon  as  they  leave  her.  All  animals 
of  this  class  are  covered  with  scales,  which  are  hard,  homy,  often 
bony,  and  impenetrable. 

Lizards  are  chiefly  distinguished  from  crocodiles  by  having  a  long 
thin,  forked  tongue  like  that  of  the  viper ;  by  their  rapid  motions, 
smaller  size,  and  by  some  peculiarities  of  form. 

I'he  Monitors,  which  are  entirely  confined  to  the  old  continent, 
have  the  tail  compressed  laterally,  which  enables  them  to  swim 
rapidly  ;  and  they  are  furnished  with  strong  sharp  teeth.  Many 
species  inhabit  Africa  and  Asia,  especially  the  Indian  Archipelago : 
the  monitor  or  terrestrial  crocodile  of  Herodotus  is  common  on  the 
deserts  which  enclose  Egypt ;  and  an  aquatic  species  in  the  Nile, 
which  devours  the  crocodile's  eggs,  is  often  represented  on  the 
monuments  of  the  ancient  Egyptians. 

Another  group  allied  to  the  monitors  is  peculiarly  American : 
some  of  the  species  inhabiting  the  marshes  in  Guiana  are  six  feet 
long. 

Lizards,  properly  so  called,  are  very  common ;  more  than  63 
species  are  European,  of  which  20  inhabit  Italy,  and  one  lives  on 
the  Alps  at  an  elevation  of  4500  feet ;  the  group  of  the  Iguanians, 
which  differ  from  them  chiefly  in  the  form  of  the  tongue,  is  so 
numerous  in  genera  and  species,  that  it  would  be  vain  to  attempt 
to  follow  all  their  ramifications,  which  are  nevertheless  distributed 
according  to  the  same  laws  as  other  creatures :  but  the  dragons, 
only  found  in  India,  are  too  singular  to  be  passed  over,  llie  dragon 
is  a  lizard  with  wings  formed  by  an  extension  of  the  skin,  which  is 
spread  along  its  sides  and  supported  by  outstanding  long  and  slender 
ribs,  attached  to  the  fore  and  hind  feet,  as  we  see  in  the  flying 
squirrel  amongst  the  mammalia,  and,  though  they  do  not  enable  it 
to  fly,  they  act  like  a  parachute  when  the  animal  leaps  from  bough 
to  bough  in  pursuit  of  insects.  Nocturnal  lizards  of  many  species 
inhabit  the  hot  countries  of  both  continents ;  they  are  not  unlike 
salamanders,  but  they  have  sharp  claws  to  seize  their  prey  with, 
which  they  can  draw  in  and  conceal  like  a  cat.  One  of  the  species 
of  Gecko  climbs  on  walls  in  most  of  the  countries  bordering  on 
the  Mediterranean.  Chameleons  are  frequent  in  northern  Africa ; 
and  several  si)ecies  inhabit  different  districts  and  islands  in  Asia : 
the  only  European  species  is  found  in  Spain ;  it  is  also  common  in 
Northern  Africa. 

The  Anolis,  which  lives  on  trees,  replaces  the  chameleon  in  the 
hot  regions  of  South  America  and  in  the  Antilles,  having  the  pro- 
])erty  common  to  chameleons  of  changing  its  colour,  but  it  is  s^ 
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more  niroblD  iind  baiutiful  aninml.  In  AiislniUft,  whers  evefjl! 
in  anumulouB,  there  is  a  lixsnl  with  a  leaF-ahnixxJ  Util,  tnd  ani 
with  a  broad  erectile  houd. 

Two  anomalniu  Muriuis  of  the  geuus  AmhljrhyDchi 
covered  by  Mr,  Darwio  in  the  Galapagos  Islands.  Ooe  pecnliAT  to 
the  central  inlands  In  terrefitrinl,  and  in  m&Dj  places  il  has  under- 
niined  the  ground  with  its  burrows  ;  the  other  u  the  only  Heard 
known  that  lives  on  seaweed  and  inhabils  the  «eft :  it  is  about  four 
rot!t  long,  and  hideously  uply,  with  feet  partially  webbed  and  b  ImI 
cumpremed  taterslly  to  adapt  It  for  swimming.  It  basks  on  the 
IiMich,  and  In  its  marine  habits  and  food  it  resembles,  on  a  small 
scale,  the  huge  fossil  monsters  so  abundant  in  the  older  bods  of  our 
British  secondary  romiations, 

§  6.  Tortoises  ars  covered  with  a  shell  or  buckler,  but  tieir  neck, 
legs,  and  tail  are  free,  with  a  wrinkled  skin,  so  that  the  animal  can 
draw  its  head  and  feet  intu  the  shell  when  alarmed.  The  head  is 
sometimes  defended  by  a  regular  shield,  and  the  jaws,  instead  of 
teeth,  have  a  homy  covering.  The  upper  buckler  Is  roonded,  and 
formed  of  eight  part*  or  plates,  synnnetrically,  and  often  wj 
beautifully,  disposed ;  iho  under  shell  is  flat,  and  consists  of 
pair  of  bones  and  one  in  the  centre,  One  group  of  torto' 
terrestrial,  two  others  are  amphibious,  one  of  them  living  ii 
water,  the  other  in  the  tropical  seas. 

There  are  more  land  tortoiseii  in  Africa  than  in  all  the  rest  of  the 
world,  both  specifically  and  individually.  Tiiey  abound  also  in 
the  Sunda  Islands,  in  North  and  South  America,  and  etpecialljr 
Brazil.  There  are  three  European  species,  of  which  the 
Tortoise  ITufudo  Grtrea),  which  is  met  wi.th  in  the  . 
l>ordering  on  the  Mediterranean,  is  the  largest,  attaining  ss 
a  foot  in  length  :  it  lives  on  insects  and  vegetables,  and  burrows : 
the  ground  in  winter.  Some  of  the  Eist  Indian  species  are  enor- 
mously lan^  above  throe  feet  long,  and  remarkable  for  the  beauti* 
fui  distribution  of  their  colours :  certain  specieJi  are  peculiar  to 
Hmul,  one  to  Demerars,  and  one  to  North  America ;  but  perhaps 
the  largtnt  known  species  Is  that  of  the  Galajiagos  Islands,  the 
Testudo  ElephnntopuB,  or  Test.  Indies,  which  weighs  500  or  600 

The  Chelonians,  or  sca-tiirtlea,  inhabit  the  seas  of  the  torrid  and 
tcmpcmte  Kones,  as  far  as  the  50th  paialtel  of  latitude,  some  living 
on  seaweed,  and  othen  on  small  marine  animals.  Distinct  special 
are  found  in  different  parts  of  the  oooan.  The  green  turtle,  of 
which  there  are  many  varieties,  inhabits  the  Atlantic  within  the 
tropics ;  they  may  be  seen  browsing  on  the  seaweed  at  the  Inttom 
of  the  water  along  the  coasts  ;  they  repair  at  certain  seasons  from 
ilistanoes  ot  mauy  hundred  miles  in  great  herds  to  the  moutbs  of 
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riven  to  depout  their  egga  in  the  sand.  This  turtle  is  often  six  or 
Beven  feet  long,  and  neighs  600  or  700  pounds ;  it  iB  much  esteemed 
for  food,  but  the  shell  ia  of  little  value.  The  hawk's-blil  turtle, 
which  furnishes  the  tartolse-shell  of  commerce,  is  caught  in  different 
parts  of  the  Indian  Ocean,  sjnong  the  Molucca  Islands,  and  on  the 
north-western  coast  of  New  Guinea.  It  is  also  found  in  the  west«m 
hemisphere,  on  the  coasts  of  Haiti  and  of  the  Caiman  Islands,  but 
the  shell  of  this  variety  is  lesu  valuable  than  that  from  the  eastern 

§  7.  With  respect  to  the  whole  order  of  reptiles  it  is  worthy  of 
remark  that  not  one  species  is  common  to  the  Old  and  New  World ; 
that  thoHe  in  Australia  are  altogether  peculiar  to  that  great  conti- 
nent ;  and  that,  as  far  as  is  at  present  knon^,  with  the  exception  of 
the  Marianne  Islands,  there  are  neither  toads,  frogs,  nor  snakes  in 
any  of  the  Polynesian  islands,  though  the  Indian  Archipelago 
abounds  iu  them  ;  neither  are  they  found  in  Tierra  del  Fuego,  on 
the  coasts  bordering  the  Strait  of  Magellan,  nor  in  the  Falkland 
Islands, 

Five  species  of  reptiles — a  lizard,  a  frog,  a  toad,  and  two  triton* — 
are  found  in  Ireland,  where  they  must  have  existed  before  its 
geological  separation  from  England. 
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DISTBIBnnOK  OF  BIRDe. 


§  1.  Classificatioii  of  birds;  species  similar  in  the  north  of  the  Old  aid 
New  Continents,  bat  differ  in  the  south.  §  2.  Migratory  birds ;  their 
habits  and  powers  of  flight.  §  3.  Distribution  of  Arctic  and  Europeaa 
birds;  large  proportion  of  aquatic  birds  in  the  north;  capabilities  of 
web-footed  birds  to  endure  cold ;  cormorants ;  gulls ;  petrels ;  habits  ti 
insular  and  marine  birds ;  variety  of  species  of  British  birds ;  Toltimi 
of  Europe;  owls;  British  birds  of  passage;  sylvidae;  thick-billed  birds; 
galiinaceae ;  European  waders.  §  4.  Birds  of  Asia  and  the  Indian  Archi* 
pelago ;  birds  of  northern  Asia  similar  to  European ;  Asia  Minor  a 
country  of  transition ;  gorgeous  colours  of  the  birds  of  the  Qangetac 
region ;  variety  and  splendour  of  the  gallinacese  of  S.  Asia ;  beauty  of 
the  birds  of  the  Indian  Archipelago.  §  5.  African  bixds ;  those  of  N. 
Africa  similar  to  European;  birds  of  the  centre  of  the  continent  peculiar; 
those  of  S.  Africa  differ  both  from  the  North  and  from  Europe ;  descrip- 
tion of  African  birds.  §  6.  Birds  of  N.  America ;  about  one-fifth  are 
common  to  Europe ;  humming-birds  peculiar ;  N.  America  the  home  of 
the  turkey ;  the  region  of  numerous  water-fowl  and  waders,  owing  to 
prevalence  of  water  and  marshy  ground.  §  7.  Birds  of  S.  America; 
variety  of  original  forms  greater  than  in  any  other  country ;  numerous 
species  of  humming-birds;  gallinacese  differ  from  those  of  the  Old  Worid; 
wide  range  of  the  ostrich ;  great  variety  of  water-fowL  §  8.  AustralisB 
birds;  these  as  peculiar  as  the  quadrupeds  and  plants;  extinct  birds 
and  those  that  are  rapidly  disappearing. 

§  1.  More  than  7600  species  of  birds  are  known,  which,  acoording 
to  the  most  generally  adopted  classification,  are  arranged  in  eight 
natural  orders  or  groups,  namely,  Birds  of  prey — or  vultures,  fidooDS, 
owls  ;  Perching  birds,  by  much  the  most  numerous,  comprising  the 
songsters ;  Climbers,  as  parrots,  woodpeckers,  cuckoos,  &c, ;  Pigeons; 
Gallinaceous  birds,  including  our  domestic  fowls,  partridges,  grouse, 
pheasants,  ostriches ;  Waders,  as  snipes,  herons,  curlews,  &c. ;  Web* 
footed  birds,  as  ducks,  petrels,  &c.,  and  Strathiones  or  ostriches. 
Next  to  tropical  America,  S.  Asia  is  richest  in  species  ;  the  greatest 
number  of  birds  of  prey  inhabit  Southern  America,  which  surpasses 
every  country  in  the  number  and  beauty  of  its  ornithological  species. 
There  is  much  similant^  m  tVi«  bvriA  q^  t\v<&  Motthem  ^^arts  of  the 
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old  and  new  continents,  and  some  few  species  are  identical.  To- 
wards the  S.  the  forms  differ  more  and  more,  till  in  the  tropical  and 
southern  portion  of  the  temperate  zones  of  Asia,  Africa,  and  America 
they  entirely  differ,  whole  families  and  genera  often  being  confined 
within  very  narrow  limits.  Some,  however,  are  almost  universally 
distributed,  especially  birds  of  prey,  waders,  and  aquatic  species. 

§  2.  Birds  migrate  to  very  great  distances  in  search  of  food* 
passing  the  winter  in  one  country  and  the  summer  in  another.  As 
in  cold  climates  insects  die  or  hybemate  during  winter,  and  between 
the  tropics  either  perish  or  sleep  in  the  dry  season,  so,  in  both  cases, 
insect-eating  birds  are  compelled  to  migrate.  When  the  ground 
is  covered  with  snow,  the  want  of  seeds  forces  those  whose  food  is 
vegetable  to  seek  it  elsewhere ;  and  in  tropical  countries  the  annual 
inundations  of  the  rivers  regulate  the  migrations  of  birds  that  feed 
on  fish. 

Some  migrate  singly,  some  in  groups,  others  in  flocks  of  thou- 
sands ;  and  in  some  instances  the  old  and  the  young  birds  travel 
separately.  Iliose  that  fly  in  large  flocks  generally  have  a  leader, 
and  such  as  do  so  in  smaller  numbers  observe  a  certain  order.  Wild 
swans  fly  in  groups  in  the  form  of  a  wedge,  wild  geese  in  a  line. 
•Some  birds  are  silent  in  their  flight,  others  utter  constant  cries, 
especially  those  that  migrate  during  night,  as  herons,  goat-suckers, 
and  rails,  to  keep  the  flock  together. 

Birds  of  passage  in  confinement  show  the  most  insurmountable 
uneasiness  as  the  time  of  migration  draws  near.  The  Canadian 
duck  rushes  impetuously  to  the  N.  at  the  usual  period  of  summer 
flight.  The  American  robins,  goldfinches,  and  hangnests,  brought 
from  Canada  to  the  North  American  States  when  young,  dart 
northwards,  as  if  guided  by  the  compass,  as  soon  as  they  are  set  at 
liberty.  Birds  return  to  the  same  place  year  after  year.  Storks 
and  swallows  take  possession  of  their  former  nests,  and  the  times 
of  their  departure  are  exact  almost  to  a  day.  Various  f)uropean 
binls  spend  the  winter  in  Asia  Minor  and  Northern  Africa ;  while 
many  natives  of  these  countries  inhabit  central  Europe  in  summer. 

The  birds  of  passage  are  more  numerous,  both  in  species  and 
individuals,  in  America  than  in  any  other  country.  Ducks,  geese, 
and  pigeons  migrate  in  myriads  from  the  severity  of  the  northern 
winters  in  search  of  a  more  genial  climate ;  and  when  there  is  a 
failure  of  grain  in  the  south,  different  families  of  birds  go  to  the 
north.  The  Virginian  partridge  crosses  the  Delaware  and  goes  to 
Pennsylvania  when  grain  is  scarce  in  New  Jersey;  but  it  is  so 
heavy  on  the  wing,  that  many  out  of  the  flocks  fiall  into  the  river 
and  end  their  journey  by  swinmiing. 

The  same  thing  happens  to  the  wild  turkey,  which  is  caught  by 
hundreds  as  it  arrives  wet  on  the  banks  of  the  Ohio,  Missouri,  and 
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Mississippi.  These  birds  are  not  fitted  for  long  flight  by  their 
structure ;  their  bones  have  fewer  of  those  air-cells  which  gm 
buoyancy  to  the  feathered  tribes.^  The  number  of  ur-ceUs  if 
greatest  in  birds  that  have  to  sustain  a  continued  and  rapid 
flight.  The  extremes  are  to  be  met  with  in  the  swift  and  the 
ostrich — the  one  ever  on  the  wing,  the  other  never — ^besides^  the  one 
has  excecdinsrly  long  wings,  the  other  hardly  any.  The  strength  of 
the  ostrich  is  in  the  muscles  of  its  leg ;  while  the  mnscles  on  the 
breast  of  the  swift  weigh  more  than  all  the  rest  of  the  body ;  hence 
it  is  said  to  fly  at  the  rate  of  100  miles  an  hour.  The  wild  duck 
and  the  wild  pigeon  fly  between  400  and  500  miles  in  a  day.  The 
stork,  quail,  and  some  other  migratory  birds  do  not  halt  till  the  end 
of  their  journey.  Many  sea-birds  are  never  seen  to  rest ;  all  birds  of 
prey,  such  as  the  eagles,  vultures,  and  hawks,  are  of  strong  fii^t, 
and  capable  of  sustaining  themselves  at  heights  beyond  the  reach 
of  less  buoyant  creatures. 


DISTRIBUTION  OF  ABCTIO  AND  EUBOPRAK  BIBDe. 

§  3.  The  birds  of  Europe  and  North  America  are  better  ksown 
than  those  of  any  other  \yfurt  of  the  globe.  New  species  are  oon- 
stantly  discovered  in  Asia,  Africa,  and  South  America. 

I'here  are  about  600  species  of  birds  in  Europe,  many  of  which 
are  distributed  over  Asia  and  northern  Africa,  without  much  ^ 
parent  variation.  Many  of  our  European  species  are  also  fooiid  in 
North  America,  but  nearly  the  whole  of  these  latter  are  marine 
birds  of  our  northern  latitudes,  which,  like  all  sea-fowl,  have  a  wide 
range. 

More  than  three-fourths  of  the  species,  and  a  much  larger  pro- 
portion of  individuals,  of  the  birds  of  Greenland,  Iceland,  and 
Faroe,  arc  more  or  less  aquatic,  and  many  of  the  remainder  are  only 
occasional  visitors.  Of  the  few  small  birds,  the  greater  number 
British  species ;  but  many  that  reside  constantly  in  Britain 
migratory  in  Iceland  and  Fiiroe ;  all  the  small  birds  leave  Green- 
land in  winter.     Waders  are  more  numerous  than  land-birds  in  the 


'  The  quills  of  birds'  feathers  are  full  of  air,  and  the  hollow  carities  io 
their  bones  are  so  many  air-cells,  which  they  can  fill  at  pleasure.  In  birds 
that  ascend  to  great  heights  like  the  Condor,  the  air  in  the  bones  is  con- 
nected with  the  lungs  by  larger  openings  than  in  other  Inrds,  to  cnablft 
them  to  breathe  freely  where  the  air  is  so  much  rarefied.  To  birds  of  long 
and  high  flight,  as  in  the  birds  of  passage,  length  of  wing  is  also  neoeBsrj. 

The  Gannet  or  Solan  goose  can  force  air  between  its  skin  and  its  body, 
which  makes  it  extremely  buoyant  on  the  water,  and  enables  it  to  bear  tht 
cold  of  the  stormy  noTihem  »«»&  on  ^^WcJtv  SX.  \Sn«^. 
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Arctic  regions.  The  snipe  and  the  golden  plover  are  birds  of  pas- 
sage ;  the  oyster-catcher  remains  all  the  year  in  Iceland^  where  it 
makes  its  nest  near  streams,  and  wages  war  with  the  crow  tribe. 
The  heron,  curlew,  plover,  and  most  of  the  other  waders,  migrate ; 
sandpipers  and  the  water-ousel  remain  all  the  year  round. 

Web-footed  birds,  being  clothed  with  down  and  oily  feathers,  are 
best  able  to  resist  the  cold  of  a  polar  climate.  Various  species  of 
the  duck  tribe  live  in  the  far  N.,  in  prodigious  multitudes.  The 
mallard,  supposed  to  be  the  origin  of  our  tame  duck,  is  found  every* 
where  in  the  Arctic  lands.  There  are  two  European  species  of 
eider-duck :  the  true  eider,  Somateria  moUissima^  is  widely  dispersed 
over  the  islands  and  coasts  of  the  North  Atlantic,  and  all  the  Arctic 
regions  in  Europe  and  America.  The  second  European  species  is 
the  King-duck  (^Somateria  spectabilis). 

Cormorants,  which  live  on  fish,  are  universally  distributed  over 
the  northern  seas,  but  are  scarcely  ever  eaten  by  the  natives.  The 
cormorant  sits  singly,  or  sometimes  in  flocks,  on  the  rocks,  watching 
the  fish  with  its  keen  eye :  it  plunges  after  them,  and  pursues  them 
for  three  or  four  minutes  under  water.  Auks  are  very  numerous, 
especially  the  razor-billed  auk ;  but  the  great  auk,  which  is  inca- 
pable of  flight  from  the  smallness  of  its  wings,  is  now  nearly  extinct 
in  the  Northern  seas.  Terns,  or  sea-swallows,  are  seen  everywhere 
in  these  seas,  skimming  along  the  surface  of  the  water,  devouring 
moUusca  and  small  fish.  Gulls  of  many  species,  and  in  countless 
thousands,  are  inhabitants  of  the  Arctic  regions,  while  the  tem* 
perate  and  tropical  seas  are  tenanted  by  the  equally  numerous  genus 
Procellaria,  or  Petrel.  No  birds  are  more  widely  dispersed  than 
this  genus.  They  are  at  home  and  brave  the  storm  in  every  lati- 
tude and  in  every  sea. 

The  South  Pacific  and  the  Antarctic  seas  are  the  favourite  resort 
of  petrels.  They  take  their  name  from  the  faculty  they  have  of 
skimming  the  waves  with  their  legs  hanging  down,  giving  them 
the  appearance  of  walking  on  the  water,*  in  which  they  are  aided 
by  their  very  large  flat  webbed  feet  and  widely-extended  wings. 
The  stormy  petrels,  consisting  of  several  distinct  species,  about  the 
size  and  colour  of  a  swallow,  the  tempest-bird  or  Mother- Gary V 
chicken  of  the  sailors,  are  the  most  widely  diffused ;  their  flight  is 
rapid ;  they  shelter  themselves  from  the  storm  in  the  hollow  of  a 
wave,  and  go  to  land  only  at  the  breeding  season. 

The  greater  part  of  the  marine  birds  of  the  Arctic  seas  are  in- 
habitants also  of  the  northern  coasts  of  the  continent  of  Europe, 
and  visit  the  British  islands. 

Few  parts  of  Europe  are  richer  in  birds  than  Britain,  both  in 


>  Petrel,  from  St.  Peter. 
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species  and  the  number  of  indiyiduals ;  and  the  larger  game  is 
so  abundant,  that  no  one  thinks  of  eating  the  songsters  and  other 
small  birds,  as  we  see  in  the  S.  of  Europe.  Of  the  nearlj  600 
species  of  European  birds,  277  are  found  in  our  islands.  It  is  pro- 
bable that  most  of  the  British  birds  came  from  Germany  before  the 
separation  of  our  island  from  the  continent,  and  that  many  of  short 
flight  never  reached  Ireland. 

There  are  five  European  species  of  vulture :  the  LXmrnergever  of 
the  Alps  and  Pyrenees  builds  its  nest  in  the  most  inaccessible  parts 
of  the  mountains,  and  is  seldom  seen ;  it  lives  also  on  the  mountains 
of  Northern  India,  Abyssinia,  and  in  the  steppes  of  Mongolia.  Ten 
species  of  eagle  are  European ;  one  is  peculiar  to  Italy  and  Northern 
India ;  and  few  if  any  of  them  are  common  to  America.  The  gc^deD 
eagle  is  perhaps  an  exception ;  that  beautiful  bird,  which  once  gave 
a  characteristic  wildness  to  our  Scottish  mountains,  and  the  distin- 
guishing feather  to  the  bonnet  of  our  Highland  chieftains,  is  now 
nearly  extirpated,  and  so  are  some  of  our  numerous  hawks.  Among 
others,  the  jer  or  gentil  falcon  has  been  so  much  hunted  down,  that 
it  is  now  rare  even  in  Iceland,  its  native  place :  there  are  still  a  few 
in  Scotland,  and  several  are  caught  in  their  migratory  flight  over 
the  Low  Countries  and  trained  by  the  expert  falconers  for  the  now 
nearly  obsolete  sport  of  falconry. 

The  owl  tribe  is  numerous,  and  many  of  them  are  of  beaatifal 
plumage.  The  Bubo  maximus,  or  great  homed  owl,  the  largest  of 
our  nocturnal  birds,  inhabits  the  forests  of  central  and  southen 
Europe ;  it  is  rare  in  France  and  England,  though  not  uncommoD 
in  Ireland  and  Orkney :  in  Italy  a  small  owl  is  tamed  and  used  as  a 
decoy  in  the  capture  of  smaller  birds. 

The  two  species  of  our  European  goatsuckers  migrate  to  Africa  in 
winter ;  their  peculiar  cry  may  be  heard  in  a  moonlight  night  when 
a  large  flock  takes  wing  for  the  journey.  Our  swallows  go  all  to 
Northern  Africa :  one  of  our  kingfishers (^Zc«<io  hispidd)  is  resident; 
the  other  {Ceryle  rudis)  is  a  native  of  Lower  Egypt  and  the  shores 
of  the  Red  Sea,  and  only  occasionally  found  in  southern  Europe. 

The  Sylvidse  have  soft  and  pointed  beaks,  and  feed  on  insects 
and  worms;  the  nightingale,  the  robin-redbreast,  the  wren,  the 
smallest  of  European  birds,  the  warblers,  and  white-throat,  belong 
to  this  family.  Four  species  of  fly-catchers  are  found  in  Europe, 
and  five  species  of  shrikes.  The  Fringillidas  or  thick-billed  birds  are 
numerous  in  Europe ;  to  them  belong  some  of  our  finest  songsters. 
Compared  with  America  the  starling  family  are  few  in  species,  as 
well  as  the  woodpeckers,  of  which  we  have  six,  some  very  beaatiful. 
There  is  only  one  cuckoo  purely  European ;  the  other  two  species 
that  visit  us  arrive  only  accidentally,  and  all  are  birds  of  passage* 
There  are  four  species  of  pigeons :  the  ringdove  frequents  the  larch 
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forests,  uid  is  permuient ;  the  stockdorr  Imtw  ns  in  (Vliihrr ;  \ht' 
Biset  or  rock  pigeon,  nippoacd  to  be  tbe  pwDl  bird  ftum  whkh 
the  infiajte  rariet;  of  our  dotDMtic  pigeons  hu  simiiif^  fliea  in  Ikrkt, 
tod  makes  iu  Aimsj  Deet  on  rocks  on  the  tx-a-cixut  0(  gaDim* 
ceous  bink  we  possess  many :  the  pheaaant  has  be^n  iittniilnrrd 
from  the  adjoining  parts  of  Asia  ;  thn  capen-ailiio,  or  giganlie  bUck 
grouse,  fur  maoy  jcArs  extinct  in  the  llritish  furents,  b«t  mvitUy 
restored  to  Scotland,  still  inhabits  many  parta  of  Kuri,>)iip;  tn 
Scandinavia  especially  it  is  plentiful  as  far  as  tbe  piue-treo  iiww«, 
which  is  nearly  to  Korth  Cape,  and  also  in  the  HuMiaii  fomila. 
The  huel  grouse  frequents  the  pine  and  the  aii{iou  foreata  in  rentntt 
and  northern  Europe,  where  the  black-cock  also  is  plentiful.  Vin 
species  of  grouse  and  six  of  partriii^es  afford  abundance  of  (taniei 
four  of  tbe  Utter  are  confined  to  the  southern  (lartH  of  the  eoiitiitcnl, 
and  BO  are  the  sand-grouse,  wliich  form  a  BOimmlo  twnua.  They 
inhabit  the  sterile  plains  of  Andalusia  and  Qranaila,  ■oiitliirn  Italy, 
and  Sicily. 

European  waders  are  very  numerous,  and  amoiiK  tlieni  tliew  aw 
species  of  most  of  the  described  genera ;  woodcocks,  snipt's,  plovira, 
and  curlews  are  very  abundant,  and  herons  of  various  Hjipcim ;  thnri 
are  three  species  of  egret  or  created  henm,  and  the  eiiinnion  h^ron 
now  assembles  on  the  tops  of  trees  unniolextcd,  aiiice  llic  pn>|(row 
of  agriculture  has  rendered  the  country  unlit  for  hawkitiK-  Two 
species  of  cranes,  a  stork,  and  two  of  ibis,  aro  met  with  In  Kiinilw ! 
a  fiamingo  lives  in  the  south-eastern  i«rtii  of  tlie  contiiKiiit,  and 
in  the  Harcmma  or  plains  on  the  westuni  coostii  of  Italy.  MatiJ 
of  the  waders,  however,  migrate  in  winter.  'I'hu  stork,  ■»  KTMt  K 
iavourite  iu  Uulland  that  it  is  ii|iecially  pmtectal,  ia  mifintliiry  t 
it  retires  to  Asia  Minor  and  Africa,  and,  on  tbe  rotum  of  atiiiitmY, 
resumes  its  former  nest  on  a  chinincy-lop,  breeding  in  liolh  oiintrlmi. 
About  110  species  of  Eurr]|)ean  birds  either  live  in  the  m'ffn  elovatwl 
parts  of  the  Alps,  or  cross  tbem  in  their  annual  migrationii.  'Iluty 
generally  take  their  flight  by  the  Oreat  St,  ItemanI,  the  |ia«i  iif  Ht. 
Thfodule,  the  Kiniplon,  and  Kt,  ijothird.  Kiiroiie  is  [lartiniUrly 
rich  in  aquatic  birds ;  tbere  are  three  s[iecieti  'if  wild  swani,  fiiur  uf 
geese,  and  more  than  30  of  the  duck  tribe,  iucludiiiK  tbiiw  thftt 
inhabit  the  A  rctic  seas. 


i  i.  Eurojcan  birls  are  wiilely  iii)r'vl  nvtr  S'lrtberu  Aiia;  nuitt 
of  tbe  Anjllr:  n^a-f'iwl  fruiuclit  ito  ii<>rth«ni  OAata;  tiKtwerii  f/l  and 
CO  Eurofieaii  bird*  are  aim  SilHirian,  and  lUnK  arc  ab»*e  TO  KiiffiCMi 
speciea  iu  Jafsn  aiwl  r>irKa,  whifh  proUbly  alw  fftbrtwl  (»  hil«ds 
•ad  the  Altai  U'.uiilain*,  aiid  tAat  lew  ar«  idralical  •itb  tU  binW 
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3f  N.  America ;  so  that  the  same  affinity  prevails  in  the  feathered 
tribes  of  the  Arctic  regions  as  in  their  vegetable  productiona. 

Asia  Minor  is  a  country  of  transition,  and  many  European  btidt 
are  mixed  with  those  of  warmer  regions,  as  the  Halcyon  Smymenm^ 
a  bird  with  gorgeous  plumage,  identical  with  the  great  Bengal  king- 
fisher so  generally  found  in  India.  European  birds  also  inhabit  the 
Caucasus,  the  shores  of  the  Caspian  Sea,  and  Persia.  Moreover, 
these  warmer  climates  are  the  winter  quarters  of  various  Europein 
species. 

Farther  E.  the  types  become  more  Indian  ;  the  great  peninaolai 
on  each  side  of  the  Ganges  are  the  native  countries  of  the  most 
gorgeous  of  birds.  Many  species  of  kingfishers  of  the  brightort 
colouring  are  found  here ;  the  plumage  of  the  fly-catchers  has  the 
richest  metallic  lustre ;  and  the  shrikes,  of  a  sober  hue  in  our 
northern  latitudes,  are  there  decked  in  the  most  brilliant  colouit; 
the  Irene  has  a  coat  of  the  brightest  ultramarine  blue,  and  the 
Oalyptomence  of  Sumatra  and  Malacca  one  of  an  equally  briUisnt 
emerald  green. 

The  large-beaked  climbing-birds  are  singularly  handsome.  The 
small  collared  parakeet,  so  easily  taught  to  speak,  has  inhabited 
the  Indian  forests  and  the  banks  of  the  Ganges  time  out  Of  mind 
with  a  host  of  congeners  of  every  colour ;  not  one  species  of  these, 
or  indeed  of  the  whole  parrot  tribe,  is  common  to  Asia,  Africa, 
America,  and  Australia,  nor  oven  to  any  two  of  these  great  con- 
tinents, except  the  collared  species,  which  is  found  in  Africa  sf 
well  as  India.  They  are  vividly  coloured  in  India,  in  which  the 
numerous  species  of  cuckoos  rival  them ;  several  genera  of  birds  ^ 
the  cuckoo  family  exist  nowhere  else. 

Southern  Asia  is  distinguished  by  the  variety  of  its  gallinaceous 
birds  and  the  gorgeousness  of  their  plumage.  To  this  country  we 
owe  our  domestic  fowls  ;  and  the  two  known  species  of  peacock  an 
wild  in  the  woods  of  India  and  its  islands.  Some  of  the  most 
brilliant  birds  of  the  East  belong  to  the  pheasant  tribe,  of  which 
five  species  are  peculiar  to  China  and  Tibet.  There  are  yarioos 
species  of  the  pheasant  in  the  Himalaya,  whose  feathers  have  a 
metallic  lustre.  The  gold,  the  silver,  and  lleeves'  pheasant,  tbs 
tail-feathers  of  which  latter  are  four  feet  long,  are  natives  of  China. 
The  Ijophophoriis  refulgens^  and  some  others  of  that  genus,  are 
peculiar  to  the  mountains  of  Northern  India. 

The  pigeons  also  are  very  splendid  in  their  i>lumago ;  they  mostly 
belong  to  Southern  Asia  and  the  islands ;  several  of  those  in  the 
Birman  empire  are  green. 

It  would  be  vain  to  enumerate  the  beautiful  birds  that  live  in 
the  forests  of  the  Asiatic  continent,  yet  those  of  the  Indian  Archi- 
oelago  far  surpass  them  m  «^\«cid.o\3LT  oC  vluma^e ;  these  islands, 
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indeed,  are  the  abode  of  the  most  gorgeously  am^  birdi  in 
exietence.  Even  in  Java  and  Sumatra,  though  most  similar  to 
India  in  their  winged  inhabitants,  tlicre  are  many  peculiar,  espe- 
cially several  species  of  the  climbing  tribe  and  of  the  honey- 
•ucking  kind  ;  but  the  diasimilarity  increases  with  the  diatance, 
and  in  New  Ouiuea  and  its  adjacent  islands  the  honey-sucking 
genera  are  developed  in  novel  forms  and  aunptuous  plumage,  and 
the  ornithology  generally  is  more  nearly  allied  to  that  of  Australia. 
Many  genera  are  peculiar  to  India:  and  many  othen  are  found 
exclusively  in  the  islands  of  the  Indian  Archipelago,  several  of 
which  are  limited  to  one  or  two  islands,  lliere  we  find  the  CaMi- 
cans,  which  resemble  jays,  with  pluni^e  of  metallic  lostre ;  varioua 
species  of  Buceros  with  large  homed  beaks.  Orioles  of  vivid  colonn, 
the  Swallow  that  builds  the  edible  neat,  numerous  and  splendid 
Sylvias,  and  many  species  of  JUrlliphagulir  or  honey-sucking  birda, 
whose  tongues  terminate  like  a  brush.  Beveml  species  of  Birds  of 
Paradise  inhabit  New  Guinea  and  the  neighbouring  Moluccas  and 
Aroo  Islands.  They  are  bird»  of  passage,  and  change  their  quarten 
with  the  monsoon,  'ihe  King  or  Royal  Bird  bf  Paradise  baa  two 
long  slender  filaments  projecting  from  the  tail,  ending  in  a  curled 
flat  web  of  emerald  green,  acid  the  male  of  the  green  species  bat 
long  flowing  plumes  from  the  sides  of  his  body,  which  give  him  a 
gorgeous  appearance.  The  pigeons  are  [>eculiarly  beautiful  and 
numerous,  but  limited  in  their  abode.  The  two  species  of  Qoura, 
or  great  crowned  pigeon,  the  largest  of  their  tribe,  are  inhabitant! 
of  New  Guinea.  Each  island  has  its  own  species  of  Lories ;  many 
Parakeets,  Cockatoos,  Kingfishers,  aud  Barbels  with  huge  bealiB, 
are  jieculiar  to  these  islands.  Even  the  partridges  have  changed 
their  dull  colours  and  assumed  Che  vivid  hues  of  the  tropics.  OlW 
gallinaceous  species  far  suqnss  them  in  beauty,  as  the  Argoi 
pheasant.  One  of  tlie  Cassowaries,  a  bird  akin  U)  the  ostrich, 
without  the  power  of  flying,  but  fleet  in  its  course,  has  a  wide 
range  in  the  Mclanesian  Archipelago,  extending  from  fi'ew  Ooiiuft 
and  Korth  Australia  to  New  Britain. 


AritlCAK  BI8DS. 

g  6.  A  great  nimiber  of  European  birds  are  also  inhabitant*  <d 
Northern  Africa ;  and  nmny  migrate  there  in  winter,  but  the  bird* 
of  the  central  part  of  the  coutinent,  S.  of  the  great  desert,  are  qnita 
peculiar  and  characteristic.  Those  of  the  VV.  and  N.E.,  and  at  the 
Cape  of  Good  Hope,  arc  best  known,  the  greater  part  of  tropical 
Africa  being  still  unexplored  by  the  naturalist.  It  may  be  observed 
generally  that  the  South  African  birds  diSer  from,  but  are,  with  few 
exceptions,  corresponding  specie*  with  those  in  the  westeni  ud 


478  PHYSICAL  6E06KAPHT.  Crap.  XXXIU. 

north-eastern  parts  of  the  continent,  and  that  the  whole  <^  Afirka 
S.  of  the  desert  differs  in  species  from  northern  Africa  and  from 
Europe. 

Africa  possesses  at  least  700  species  of  the  passerine  ordo'. 
Many  kingfishers,  the  most  beautifully  coloured  of  their  brilliant 
race,  frequent  the  banks  of  the  lakes  and  rivers :  two  species  of 
hoopoes,  one  of  which  visits  Europe  in  summer,  and  the  h<Hiey- 
bink,  sometimes  erroneously  called  humming-birds,  are  peculiarly 
abundant  in  Africa.  They  abound  at  the  Cape  of  C^ood  Hope, 
where  the  nectaries  of  the  Pruteas  and  other  plants  furnish  sac- 
charine juice  for  their  food.  1'he  canary-bird  is  confined  to  the 
Canary  Islands ;  its  song  differs  even  in  two  adjacent  districts : 
there  are,  however,  instances  of  this  among  other  species.  Various 
genera  of  Bush-shrikes,  many  of  which  are  remarkable  for  the  soft 
and  lax  feathering  of  the  lower  back,  are  peculiar  to  Africa ;  like- 
wise a  very  fine  group  of  birds  allied  to  the  Starlings,  conspicuoas 
from  their  brilliant  and  glossy  plumage.  The  Ox-picker  or  Bnphaga, 
of  which  two  species  are  known,  is  also  highly  characteristic  of 
African  ornithology'.  The  Weaving-bird,  or  Ploceus  textor,  is  <»e 
of  the  most  remarkable  of  the  granivorous  tribe ;  it  dexterously 
weaves  its  nest  with  grass  and  twigs.  1'he  Whidah-bird,  several 
species  of  Bee-eater,  the  Colious,  and  all  the  Touracous  or  Plantain- 
eaters,  with  many  species  of  Woodpeckers,  are  found  nowhere  else. 
The  parrots,  which  are  much  less  nmnerous  than  in  Asia  or  Sooth 
America,  are  of  peculiar  forms.  One  species  of  Trogon  and  severdl 
genera  of  Barbets  are  purely  African,  and  so  are  some  of  the  cuckoos. 
Among  the  latter  arc  several  species  of  the  genus  Indicator,  so 
named  from  indicating  where  the  bees  have  placed  their  nests ;  <»ie 
of  these  is  peculiar  to  Abyssinia,  another  to  the  interior  at  the 
Caixs  of  Good  Hope  and  the  forests  on  the  Zambesi. 

To  Africa  we  are  indebted  for  the  Guinea-fowl,  of  which  thoe 
are  six  or  seven  species  known  :  they  wander  in  fiocks  of  hundreds 
among  the  brushwood  on  the  banks  of  rivers  and  lakes  in  all  the 
tropical  regions,  and  are  even  more  abundant  in  Madagascar.  Many 
B{)ecies  of  gallinaceous  birds  are  peculiar,  especially  the  Gangas,  of 
which  there  are  no  less  than  five ;  some  unite  in  coveys,  and  others 
traverse  the  deserts  in  flocks  of  many  hundreds,  lliese  birds  are 
much  more  abundant  on  the  arid  deserts  of  North  Africa  than  in 
Europe ;  the  partridges  in  this  country  are  represented  by  the 
francolin. 

The  ostrich  occupies  the  wide  range  of  Africa  and  Arabia ;  and 
bustards,  also  wanderers  in  the  plains,  are  numerous:  the  most 
peculiar  are  the  Houbara  and  the  Otis  caffra,  in  Southern  Africa, 
the  latter  five  feet  high,  remarkable  for  the  brilliancy  of  its  eye. 

Waders  of  infinite  variety  inhabit  the  rivers,  lakes,  and  marshes 
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— woodcocks,  snipes,  plovers,  storks,  cranes,  herons,  and  spoonbills. 
The  most  peculiar  are  the  Dromes  and  Marabous,  whose  feathers 
form  a  considerable  article  of  commerce ;  the  cream-coloured  plover, 
the  Scopus  or  Ombrette,  the  water-treader  of  Abyssinia,  and  the 
Tantalus  or  Curlew  tribe,  to  which  belongs  the  Ibis  (Ibis  reUgiosa), 
held  sacred  by  the  ancient  Egyptians,  so  frequently  found  as 
mummies  in  the  catacombs,  and  represented  on  their  monuments, 
and  the  recently-discovered  huge  broad-billed  heron,  the  Balotnieepi 
reXf  which  inhabits  the  Upper  branches  of  the  White  Nile,  where 
it  feeds  on  water-tortoises  and  lizards. 

BIRDS  OF  NOBTU  AMEBICA. 

§  6.  Of  more  than  600  species  of  North  American  birds,  about 
100  are  also  found  in  Europe,  the  greater  number  of  which  are 
aquatic,  and  live  on  the  northern  coasts  of  both  continents,  llie 
sea-birds  of  the  North  Pacific  and  Behring  Strait  very  nearly 
resemble  those  in  the  Greenland  seas  and  the  North  Atlantic ;  the 
great  auk  of  our  northern  seas  also  exists  on  the  North  Pacific ; 
and  the  large  white  albatross,  seldom  seen  in  the  North  Atlantic, 
frequents  in  immense  flocks  Behring  Strait  and  the  western  coasts 
of  North  America.  It  is  met  with  almost  everywhere  in  the 
Pacific  as  far  as  the  stormy  regions  near  the  Antarctic  circle.  Like 
the  petrel  it  is  a  bird  of  the  temi)est,  sailing  calmly  on  its  wide- 
spreading  wings  in  the  most  tremendous  gales,  and  following  a  ship 
for  days,  seldom  resting  on  the  wave :  this  and  the  giant  petrel  are 
the  largest  of  winged  sea-fowls ;  some  measure  14  ft.  between  the 
ti])6  of  the  wings. 

lliere  is  no  species  of  vulture  common  to  the  two  continents,  but 
there  are  eagles  and  other  birds  of  prey,  and  several  waders  and 
web- footed  birds :  yet  in  their  general  character  the  birds  of  Nor^i 
America  differ  from  those  of  Europe :  about  80  American  genera 
and  two  families  are  not  found  in  Europe.  The  humming-birds 
are  exclusively  American ;  only  four  species  are  found  in  the 
Northern  States.  The  Parrot  family  has  but  one  representative 
here,  which  lives  in  the  forests  of  the  Carolinas.  It  is  singular  that 
a  country  with  so  many  rivers  and  lakes  should  possess  only  one 
species  of  kingfisher.  The  woods  are  filled  with  many  species  of 
creeping  birds,  and  there  are  numerous  [)eculiar  wood- warblers  and 
tyraut-fly-catchers.  Ravens,  crows,  pies,  and  jays  abound.  The 
finch  tribe  is  very  nuuieroiui,  and  there  are  16  species  of  wood* 
peckers,  as  might  be  expected  in  a  country  covered  with  forests. 
Of  pigeons  there  are  eight  species,  but  individually  they  are 
innumerable,  especially  the  Ectopuites  migratoria,  which  passes 
over  Canada  and  the  northern  States  in  myriads  for  successive  days 
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twice  in  the  year.  Our  poaltry-yards  are  indebted  to  Kortk 
America  for  the  domestic  turkey,  which  there  ranges  wild  in  its 
natire  woods  and  attains  great  size.  There  are  no  |Mtrtndgei» 
properly  speaking,  but  the  Ortyx,  a  genus  closely  allied,  represents 
them,  and,  of  13  American  species  of  grouse,  only  one  probably  is 
found  in  Europe.  The  vast  expanse  of  water  and  marehy  ground 
makes  North  America  the  favoured  region  of  innamerable  wster- 
fowls  and  waders.  Most  of  the  waders  and  granivoroos  birds  are 
migratory ;  in  winter,  finding  no  food  N.  of  the  great  lakes,  where 
the  ground  is  frozen  upwards  of  six  months  in  the  year,  they  are 
obliged  to  migrate  to  the  S. ;  many,  as  Storks  and  Crunes,  pass  the 
winter  in  California ;  wild  geese  cover  acres  of  ground  near  the  sea, 
and  when  they  take  wing  their  clang  is  heard  from  afar.  Even 
gulls  and  other  northern  sea-birds  repair  to  the  coasts  of  Galifomia, 
and  to  the  temperate  shores  of  all  the  North  Pacific. 

It  may  be  said  generally  that,  with  regard  to  the  web-footed 
order.  North  America  possesses  species  of  all  the  genera  of  the  (M 
World,  and  many  peculiarly  its  own.  The  table-land  of  Mexico 
has  some  peculiar  forms,  and  a  few  species  of  swimming-birds  found 
only  in  more  northern  latitudes. 

BIRDS  OF  SOUTH  AMERICA. 

§  7.  The  inhabitants  of  the  air  in  South  America  differ  mon 
from  those  in  North  America  than  these  latter  do  from  the  birde  of 
Europe :  there  are  not  more  than  50  or  60  species  conmion  to  the 
two  continents  of  the  western  hemisphere.  South  America  has  a 
greater  variety  of  original  forms  than  any  other  country;  more 
than  200  genera  with  all  their  species  inhabit  that  continent  only; 
of  the  passerine  family  alone  there  are  at  least  1000  species,  all 
peculiar  to  it.  llie  vultures  belong  to  different  forms  from  those  m 
Europe;  the  Condor  of  the  Andes  is  the  largest;  it  frequents  the 
highest  pinnacles  of  the  Andes  in  summer,  and  builds  its  nest  at 
the  height  of  15,000  ft.  and  more  above  the  sea ;  Humboldt  saw  it 
wheeling  in  circles  at  the  elevation  of  22,000  ft.  It  inhabits  the 
Andes  from  the  Strait  of  Magellan  to  7°  N.  lat.,  but  it  has  neyer 
been  seen  N.  of  the  Isthmus  of  Panam4,  the  Califomian  Condor 
being  a  diflerent  and  smaller  bird.  It  roams  over  the  plains  of 
Patagonia  even  to  the  mouth  of  the  Rio  Negro,  and  at  times 
descends  from  the  Andes  to  the  sea-shore  to  feed  upon  dead  whales; 
like  all  the  vulture  tribe,  it  possesses  the  faculty  of  disoovering  a 
dead  or  a  dying  animal  from  a  very  great  distance.  Althoogh  the 
Condor  lives  principally  on  dead  animals,  it  will  sometimes  attack 
the  living ;  its  habits  are  those  of  our  common  vulture ;  its  sise 
and  ferocity  have  been  much  exaggerated;  the  most  remarkable 
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point  ID  its  history  is  the  great  vertical  extent  at  which  it  is  known 
to  lire,  from  the  level  of  the  8ca  t<i  an  elevation  of  Dearly  four 
statute  milea.  The  Sarcorhampkiu  pupa,  or  king  of  the  vulturei, 
an  inhabitant  of  the  tropical  regions,  is  remarkable  for  the  bright 
blue  Slid  vermilion  colour  of  its  bare  head  and  neck  ;  the  black 
vulture  lives  in  large  Socks  on  the  high  trees  in  the  forests  of  BrsKil, 
and  extends  as  far  northwards  as  southern  Mexico:  other  species 
pre;  on  anLmata  iu  the  llanoe  or  plains.  The  Guacharo,  or  Fkt- 
bird,  which  forms  of  itself  the  genus  SlealornU  is  the  size  of  t, 
common  fowl,  with  the  form  and  beak  of  a  bird  of  prey,  and  is  <i 
singular  instance  of  a  nocturnal  bird  feeding  on  fruit.  ]t  shuns  the 
daylight,  and  is  found  under  the  natural  bri<lge  of  Pandi,  near 
Bo}!Ota,  and  in  the  caverns  of  Guadeloupe  and  Trinidad:  incredible 
numbers  liavo  taken  {wssession  of  the  dark  cavern  of  Guacharo  in 
the  valley  of  Caripe,  where  they  are  killed  by  thousands  every  ye^ 
for  tiieir  fat. 

The  Trou|>iala  represent  our  Starlings,  the  liataraa  and  Bccardes 
our  Shrikes,  while  the  Tanagers,  gaily-«oloiired  members  of  the 
fiimily  /VinjiHi'(/(F,  show  likewise  8ome  connection  with  the 
American  Wood-warbler.  The  TroehiliiUr,  or  humming-birds,  are 
peculiarly  characteristic  of  ^kluth  America;  400  species  of  this 
group,  fniui  the  size  of  a  wren  to  that  of  a  bumblebee  adorn  the 
tropical  regions  of  llra/il  and  Guiana.  This  family,  so  peculiarly 
American,  has  a  range  front  the  t^lrait  of  Magellan  to  the  36th 
parallel  of  N.  lat. ;  it  may  be  met  with  in  the  forests  on  tha 
mountain  of  Orizaba  at  an  elevatioD  of  11,000  feet  above  the  sea, 
and  some  beautiful  species  of  it  at  still  greater  heights  in  the 
Andes  of  Bolivia  and  New  Granada.  There  are  only  three  or  fonr 
hiimmiu^-birda  that  visit  the  Korthem  States,  but  many  aie 
permanent  in  Central  America:  in  some  places  these  birds  are 
migratory :  they  come  in  multitudes  to  northern  Chile  in  summer, 
and  disappear  in  winter.  In  British  Columbia  they  appear  in 
spring  iiuiiicdiately  on  the  melting  of  the  snow,  when  the  wild 
Ribes  burst  into  blossom.  The  cliiubing  birds,  with  large  bills,  are 
mostly  confined  to  the  tropical  forests,  which  swarm  with  injculiar 
races  of  toucans,  parrots,  and  macaws.  Parrots  range  from  the 
Strait  of  Magellan  to  the  42nd  parallel  of  N.  tat.,  where  the  Eider- 
duck,  wliich  iu  a  peculiar  Arctic  bird,  first  shows  itself.  There  are 
whole  families  of  birds  in  tropical  America  not  to  be  seen  else- 
where :  as  the  vividly-colourc^l  Toucan,  with  its  huge  beak  ;  the 
Aracari,  some  peculiar  genera  of  the  gorgeous  Tritons ;  the  Tainatias 
and  Jacamars,  which  arc  both  allied  to  the  Kingtishera. 

The  gallinaceous  family  is  totally  different  from  that  of  the  Old 
World ;  the  Guan  or  Fenelojie,  and  the  different  species  of  Crax  or 
Alectors,  represent  our  pheasants,  which  they  eicel  in  size,  but  not 


482  PHYSICAL  6E06RAPHT.  Gkap.  XXXHL 

in  beauty  of  plumage ;  whilst  the  nimieroiLi  qiedes  of  'Hiiamoiii 
and  cognate  genera  fill  the  place  of  the  grooaey  qajdU,  and  par- 
tridges of  the  old  continent.  South  America  foniiahes  two  species 
uf  grallatorial  birds  of  a  very  pecoliar  chazacter — ^the  r!^ri^tn«.  of 
Brazil,  like  the  secretary-binl  of  the  Cape  of  Good  Hope  in  its 
form  and  its  instinct  for  destroying  reptiles,  although  belongiiig 
to  a  different  order;  and  the  Eamichi,  which  possesses  a  sharp 
triangular  spur  at  the  point  of  each  wing,  an  instrument  of 
attack  and  defence  such  as  is  possessed  by  no  other  bird  to  the 
same  extent. 

The  three-toed  or  American  ostrich  ranges,  like  all  its  coi^enen, 
over  a  wide  extent  of  country.  One  species,  the  Bhea  Anherioama 
is  found  from  the  forests  of  Brazil  to  the  Rio  Negro,  which  boonds 
the  Pampas  of  Buenos  Ayres  on  the  S.,  and  in  some  of  the  elevated 
plains  of  the  Peru-Bolivian  Cordilleras ;  while  the  Bhea  Darwinii 
roams  over  the  plains  of  Patagonia  to  the  Strait  of  Magellan. 

llie  water-fowl  and  waders  in  this  land  of  rivers  are  beyond 
number;  millions  of  Flamingoes,  Spoonbills,  Cormorants,  Herons, 
and  Fishing  Falcons  follow  the  fish  as  they  go  up  the  rivers  to 
spawn  ;  a  little  snow-white  heron  walks  on  the  back  and  over  the 
head  of  the  alligator  while  it  sleeps.  The  water-fowl  are  almost  all 
peculiar.  Eight  or  nine  genera  belonging  to  the  warm  climates  of 
the  Old  World  are  here  represented  by  new  forms,  and  the  number 
of  speci&c  fonus  of  the  same  genus  is  greater  than  in  any  other 
country.  The  splendid  red  Ibis,  or  Ihis  rubra,  inhabits  Cayenne  ; 
the  Eurypyga  helias,  the  most  beautiful  of  the  heron  tribe,  from  its 
varieg:ated  plumage,  is  found  in  the  same  country. 

Ducks  migrate  in  immense  flocks,  alternately  between  the  Orinoco 
and  the  Amazons,  on  account  of  the  greater  supply  of  fish  affbided 
by  the  flooils  of  these  rivers,  which  take  place  at  intervals  of 
six  months  from  each  other.  Between  the  tropics  the  vicissitudes 
of  drought  and  humidity  have  much  influence  on  the  migration  of 
birds,  because  the  supply  of  their  food  depends  upon  these  atmo- 
spheric chanj^es. 

If  anything  more  were  required  to  show  the  partial  location  of 
the  feathered  tribes,  the  Galapagos  Archipelago  might  be  adduced 
as  an  example.  Of  26  birds  collected  by  Mr.  Darwin,  25  were 
peculiar,  though  bearing  a  strong  resemblance  to  American  typee ; 
some  (the  Orpheus  and  the  Geospizince)  were  even  confined  to 
particular  islands.  But  on  this  comparatively  recent  volcanic 
group,  only  500  miles  distant  from  the  coast  of  America,  every- 
thing is  exclusively  its  own — birds,  plants,  reptiles,  and  fishes ;  and 
though  under  the  equator,  none  have  brilliant  colours. 

The  coasts  of  Peru  and  Northern  Chile,  from  their  desert  nature, 
are  not  rich  in  land-birds,  but  in  southern  Chile  there  ore  several 
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species  of  hiimmiog-liinls,  jiarrots,  flamingoes,  pecaliiu  ducks  and 
iievae ;  anU  there  coniineoces  tliaC  iocoDceivable  quantity  of  seft- 
birds  that  swarm  on  the  seas  and  coasts  oC  the  Aotarctic  regions. 
Tlic  black  shearwater,  or  Rhynehops  nigra,  in  iis  flights  has  been 
seen  to  form  a  ilense  moas  seven  miles  lung ;  a  particular  species  of 
connoRint  flies  in  flocks  that  form  an  unbroken  liiie  for  miles.  Peli- 
cans, turns,  petrels,  &c.  &c.,  cover  the  low  islands  and  coasts  of  the 
mainland,  and  those  of  Tierni  del  Fue^'O. 

In  the  Antarctic  and  Southern  scaa  petrels  take  the  place  which 
gulls  occupy  in  our  northern  latituilea,  and  inhabit  the  high  sonthem 
onea  in  {iruiligiouB  numbers.  Two  remarkable  species  of  tliis  genns 
arc  found  throughout  the  Southern  dccan  on  Itoth  sides  of  Cape 
Horn — the  Giant  Petrel  (P.  gigantea),  equal  to  the  Albatross  in 
size,  and  resembling  it  in  its  moileofhfe — it  scnictinics  becomes 
■  [lerfectly  white  ;  and  the  Equinoctial  Petrel  (/*.  ipjMinocd'uIri),  a 
beautiful  biril  as  largo  as  our  domestic  fowl,  and  of  a  jet-black 
colour.  A  fiock  of  what  was  supposed  to  be  the  younp  of  the 
Petrel  Pintailo,  or  Cape  Pigeon  (i'.  capenaii),  seen  during  the  expe- 
dition of  Sir  James  Koss,  was  estimateil  to  have  been  from  six 
to  ten  miles  long,  and  two  or  three  miles  broad,  absolutely  dorken- 
ius  the  air  during  the  two  or  three  hours  they  were  flying  over  the 
shiiis.  The  snowy  petrel,  a  most  elegant  binl,  never  quits  the  ice, 
and  consequently  is  seldom  seen  outside  of  the  Antarctic  circle.  Fonr 
species  of  the  Southern  Penguins  (^Aptentxlyfti')  inhabit  theae  seas ; 
the  A.  Forsieri,  the  largest  of  sea  birds,  a  rare  and,  for  the  most 
[lart,  solitary  species,  lives  on  the  imck-ice,  weighing  from  60  to  70 
[xiunds.  Two  other  species  of  this  genus  are  smaller  and  gregarious ; 
ihey  crowd  in  myriads  the  snow-clod  islands  in  the  high  southern 
latitudes ;  every  leilge  of  rock  swarms  witli  them,  and  on  the  shore 
of  Possession  Island,  close  to  Victoria  Land,  it  is  diSicult  to  paw 
llirough  this  feathered  multitude.  They  are  fine,  bold  binls,  peck- 
ing and  snapping  with  their  sharp  bills  at  those  who  venture  to 
apjiroach  them.  They  can  scarcely  walk,  and,  their  wings  being 
mere  flappers,  they  cannot  fly ;  from  the  position  of  their  i^s  they 
can  stand  erect  on  loud,  whilst  they  skini  along  the  sea,  and  swim 
with  great  rapidity,  even  under  water,  resembling  more  a  fish  or  a 
seal  than  a  binl  in  their  movements,  Tno  species  of  albatmss 
breed  in  the  Antarctic  islands ;  and  a  kind  of  skua  gull,  which  robs 
their  nests  ;  also  a  giM>se  which,  like  the  eider-duck,  lines  its  nest 
with  the  down  plnckeil  from  its  breast.  A  very  curious  bird, 
fonning  a  kind  of  link  between  the  gallinaceous  birds  and  waden, 
the  Cidonis,  or  Sheath-bill,  is  only  found  near  the  southern  ex- 
tremity of  the  American  continent ;  it  is  of  a  milky  white,  of  the 
size  of  our  domestic  pigeon,  and  often  takes  refuge  on  the  yanls 
and  rigging  of  ships  off  Cape  Horn  and  Statcn  Land,  where  it  lives 
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chiefly  on  a  small  species  of  cuttle-fish.  Few  land-birds  are  met 
with  within  the  Antarctic  circle :  there  are  but  seven  or  eight  in 
the  Auckland  Islands,  mostly  species  common  to  New  Zealand; 
among  others,  the  Tooa  or  Tui,  and  an  olive-coloiired  creeper,  the 
choristers  of  the  woods.  One  land-bird  only  was  met  with  in 
CSamplx'll  Island. 


AUSTRALIAN  BIRDS. 

§  8.  The  birds  of  Australia  are  in  many  respects  as  peculiar  as 
the  quadrupeds  and  plants  of  that  continent;  a  white  falcon  is 
among  its  birds  of  prey,  a  black  swan  among  its  water-fowl,  and 
nearly  80  genera  of  other  birds  are  entirely  Australian.  The 
Passcres  are  so  peculiar  that  they  have  furnished  many  new  geneia. 
The  Bower-bird  (so  called  ^m  the  habit  the  male  bird  has  of 
building  bowers  for  playing-places),  the  Regent  Oriole,  or  Sericulus, 
of  splendid  black  and  yellow  plumage,  and  a  great  proportion  of  the 
varied  family  of  Honey-eaters,  are  essentially  Australian.  Two 
species  of  Menura,  or  Lyre-bird,  so  called  from  the  resemblance  its 
outspread  tail  bears  to  the  form  of  the  ancient  lyre,  are  the  only 
birds  of  the  genus,  and  approach  the  character  of  the  gallinaceous 
family.  Here  arc  many  new  forms  of  cuckoos,  as  the  Goucal  and 
the  Scythrops.  Of  woodpeckers  there  are  none.  The  parrots, 
parakeets,  and  cockatoos  are  all  characteristic,  especially  the  black 
cockatoo,  which  is  found  in  Australia  only ;  it  is  not  so  gregarioua, 
but  even  more  suspicious  than  the  white  cockatoos,  which  plant  a 
sentinel  to  warn  them  of  danger.  Pigeons  and  doves  abound ;  the 
black  swan  and  the  Cereopsis  goose  are  no  less  peculiar  among  the 
web-footed  tribe.  The  desert  plains  of  this  great  continent  are 
inhabited  by  the  Emu,  a  lan^e  struthious  bird,  incapable  of  flight, 
like  its  congener  the  Cassowary,  and  once  very  plentiful,  but  now 
in  progress  of  being  extirpated  or  driven  by  the  rapidly-extending 
colonists  to  the  unexplored  regions  of  the  interior. 

Two,  if  not  more,  si)ecies  of  the  Apteryx,  birds  of  the  same 
family,  still  linger  in  New  Zealand,  but  are  on  the  verge  of  extinc- 
tion; they  probably  owe  their  preservation  to  their  nocturnal 
nabits.  This  anomalous  genus  partakes  in  its  zoological  cha- 
racters of  several  others :  the  head  is  something  like  that  of  the 
curlew,  with  a  long,  slender  bill,  fitted  for  digging  into  the  ground 
for  worms  and  grubs;  the  legs  and  feet  resemble  those  of  the 
common  fowl,  ^ith  a  fourth  too  Jike  a  spur  behind ;  and  the  wings, 
if  wings  they  can  be  called,  are  exceedingly  small.  In  a  specimen 
whose  body  measured  19  inches,  the  wings,  stripped  of  the  feathers, 
were  only  an  inch  and  a  half,  ending  in  a  hard  homy  claw  three 
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iDches  long.  These  compantivciy  small  winsni  are  chkracteristic  of 
the  tcliole  family  ;  the  OgCrich  and  Rhea  hare  the  largest,  nhich, 
though  unavailitig  in  flight,  materially  aid  their  iirogress  in  Tunning 
by  Htrving  as  a  kiod  of  sail ;  the  wings  of  the  Emu  and  Apteryx 
are  only  instruments  of  defence :  the  whole  tribe  also  defend 
themselves  by  kicking.  No  animals  have  a  toiore  remarkable  geo- 
graphical distribution  than  this  family,  or  show  more  distinctly 
the  decided  limits  within  which  they  have  originally  been  placed. 
These  huge  birds  can  neither  fly  nor  swim,  consequently  they  could 
Dot  have  passed  through  the  air  or  the  ocean  to  distant  continents 
and  islands.  They  form  live  distinct  genera,  to  each  of  which  very 
extensive  and  widely-separated  countries  have  been  allotted  :  th« 
Ostrich  is  spreai!  over  Africa,  from  the  Cape  of  Good  Hope  to  the 
deserts  of  Arabia ;  two  species  of  the  Rhea  range  over  the  I'ampaa, 
the  plains  of  Patajzonia,  and  the  elevated  valleys  of  Southern 
Bolivia  and  I'eru  ;  the  continent  of  Australia  is  the  abode  of  the 
Emu ;  the  Cassowaries  rove  over  some  of  the  large  islands  of  the 
Melauesian  Arcbijielago ;  and  the  Apteryi,  as  slated  above,  dwelU 
eicluaively  in  New  Zealand.  The  Dodo,  a  very  large,  short-winged 
bird,  extirpated  within  the  memory  of  man,  inhabited  the  island 
of  Mauritius.  Recent  observations  of  its  skeleton  have  led  some 
naturalists  to  think  it  akin  to  the  Trerons,  or  fruit-eating  pigeona. 
The  t-olitaire,  another  species,  also  allied  to  the  pigeons,  lived  on 
the  island  of  Itodrigucz,  one  of  the  Mascarene  group,  at  no  remote 
period;  the  Isle  of  Itourbon  was  inhabited  by  two  other  species,  all 
of  which  have  become  eitinct ;  and  in  the  isUnd  of  Madagascar  a 
bird,  cxceeiling  in  size  all  now  living,  appears  to  have  existed  at 
a  very  recent  period,  shells  of  its  epgs,  of  ten  times  the  capacity  of 
those  of  the  livini;  ostrich,  having  been  of  late  years  discovered  in 
what  apgiears  lo  be  a  very  modem  alluvial  deposit.  This  bird,  t« 
which  the  name  of  Epyornis  has  been  given,  was  one  of  the  giants 
of  the  feathered  race,  living  or  extinct. 

Tlie  rumains  of  a  very  numerous  group  of  extinct  etrutbious  birds 
have  U'cii  discovered  imbedded  in  the  very  recent  deposits  of  New 
ZealaniL  One  of  its  genera,  the  Dinomis,  chiedy  found  in  the  north 
island,  consists  of  several  species :  the  largest,  the  D.  glgantena, 
attained  a  height  of  11  feet,  or  double  that  of  the  tallest  ostrich  ; 
anotlier,  the  I'alapteryx,  almost  peculiar  to  the  Middle  Island,  was 
upward.'!  of  9  feet  in  height.  From  the  geological  position  in  which 
these  bones  are  found,  as  well  as  from  their  state  of  preservation, 
they  can  scarcely  be  considered  as  fossil,  although  belonging  to 
species  which  have  become  extinct.  I'rofessor  Owen  has  described 
no  less  than  six  species  of  Dinomis,  and  four  of  Palapteryz ;  and 
later  discoveries  in  the  colony  have  added  several  to  these  numbers. 
No  better  example  can  be  cited,  as  elucidating  the  certainty  of  the 
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deductions  of  the  comparative  anatomist,  than  what  led  to  the  first 
discovery  of  this  extraordinary  group  of  birds.  A  small  portion  of 
a  bone,  which  from  its  dimensions  appeared  to  belong  rather  to  a 
quadru]ied  the  size  of  an  ox  than  to  a  bird,  was  sabmitted  to 
Mr.  Owen ;  he  boldly  pronounced  it,  from  its  structore,  to  belong 
to  a  bird,  and  of  the  ostrich  kind — a  determination  that  was  soon 
abundantly  confirmed  by  the  discovery,  not  only  of  the  bones  of  the 
bird,  but  of  its  eggs. 

The  bones  of  another  extinct  bird,  perhaps  a  Nestor,  have  been 
found  mixed  with  those  of  the  Dinomis.  There  are  three  species 
of  the  Nestor ;  two  in  New  Zealand ;  another,  almost  extinct,  in 
Philip  Island,  only  five  miles  in  extent,  is  found  in  no  other  part 
of  the  world.  They  are  allied  to  the  curious  living  genus  Strigops, 
something  between  an  owl  and  a  parrot,  but  more  nearly  allied  to 
the  latter,  and  very  remarkable  for  its  nocturnal  habits  and  for 
living  in  burrows,  which  it  makes  at  the  roots  of  the  fern-trees, 
llie  Notomis,  a  genus  supposed  to  have  been  extinct,  closely  allied 
to  the  water-hen,  the  size  of  a  bustard,  has  also  its  ancient  repre- 
sentative in  these  islands,'  where  birds  did  and  do  exist,  almost  to 
the  entire  exclusion  of  quadrupeds  and  reptiles :  an  extinct  sixjcies 
of  dog,  and  a  still  existing  rat,  are  the  only  animals  of  the  class  of 
mammalia  which  shared  these  extensive  territories  with  multitudes 
of  the  feathered  race.* 

The  ostrich  family  live  on  vegetables ;  the  form  of  those  that  hid 
their  home  in  New  Zealand  would  lead  to  the  conclusion  that  they 
had  fed  on  the  roots  of  the  edible  fem  which  abounds  in  that 
country ;  and  as  no  quadruped  excepting  a  rat  is  now  indigenous 
these  birds  could  have  had  no  enemy  but  man,  the  most  formidable 
of  all. 

The  beautiful  and  sprightly  Tui,  or  parson-bird,  native  in  New 


*  The  Notomis  has  been  found  living  in  the  Middle  Island,  at  Doskj 
Bay.     Its  nearest  affinity  is  with  the  genus  Porphyrio  of  the  Old  World. 

*  In  some  parts  of  the  earth  the  same  conditions  which  regulated  the 
distribution  of  the  ancient  fauna  and  flora  still  prevail.  The  flora  of 
the  carboniferous  epoch  reminds  us  of  that  of  New  Zealand,  where  ferns 
and  club-mosses  are  so  abundant ;  and  the  fauna  of  that  ancient  period  had 
been  representative  of  that  which  recently  prevailed  in  these  islands,  since 
footprints  of  colossal  birds  have  been  discovered  in  the  red  sandstone  of 
Connecticut. 

The  age  of  reptiles  of  the  Wealden  and  other  secondary  periods  is  repre* 
seutativc  of  the  fauna  of  the  Galapagos  islands,  which  chiefly  consists  of 
tortoises  and  creatures  of  the  lizard  or  crocodile  family ;  and  the  cyca- 
daceous  plants  and  marsupial  animals  of  the  oolite  are  representative  of  the 
flora  and  fauna  of  Australia. 

The  colossal  birds  which  existed  in  New  Zealand,  almost  to  the  entire 
exclusion  of  reptiles  and  quadrupeds,  lasted  to  a  very  recent  period. 
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ZoaUntl,  h  jct-block  with  a  nhite  tuft 
that  it  can  bu  tail;;ht  to  repeat  whulo  i 
and  parakeets,  va«t  Dumbera  of  pi>!eoi 
binU,  anil  a  great  varietj  uf  waterfowl, 
which,  though  web-foot*d,  perchi 


breast,  aod  «o  imitatire 
There  arc  parrota 
fins  warblers,  many  small 
iiongBt  others  a  cormorant, 
the  trees  that  overhang  the 


streams  and  sea,  watching  for  fish ;  and  a  fri^atc-hird,  that  pounces 
on  them  from  a  great  height  in  tho  air.    Altogether  there  an 
than  100  species  of  birds  that  inhaUt  this  group  of  islands. 
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CHAPTER   XXXIV. 


DISTBIBUTION  OF  MAMMALIA. 

§  1.  Distribution  of  the  several  orders  of  mammalia  over  the  globe;  mign- 
tioD  of  animals  due  to  instinct;  animals  of  the  north  of  Europe,  Asia, 
and  Africa,  common  in  species.     §  2.  European  quadnipeda;   changes 
effected  in  animals  through  ciTilization;  wild  quadrupeds  of  Europe; 
some   animals   limited   to   certain  elevations,  others   circumscribed  in 
locality.      §  3.  Asiatic  quadrupeds ;   prevalence  of  both  wild  and  do- 
mesticated animals  in  Asia;  Asia  Minor  a  district  of  transition;  fauna 
of  Arabia  and  the  table-lands  and  mountains  of  Eastern  Asia ;   ruminants 
in  Asia  more  numerous  than  in  other  parts  of  the  world ;  oxen  domesti- 
ciited  in  India  from  time  immemorial ;  camels ;  antelopes ;  deer ;  pachy- 
dermnta ;  camivora ;  edentata ;  peculiarity  of  the  fauna  of  the  Indian 
Archipelago ;  the  ape  and  monkey  tribe ;  two-homed  rhinoceros  of  Java ; 
anoa ;   marsupials,  &c.      §  4.  African  quadrupeds ;   their   nature   and 
distribution  atfected  by  the  opposite  extremes  of  aridity  and  moisture  on 
the  c<mtinent ;    fauna   chiefly  differ   from   other   parts   of  the  world ; 
ruminants  very  numerous;    Africa   the   land  of  the  antelope  genns; 
rodents ;  peculiar  species  of  the  horse ;  elephants ;  apes ;  great  variety 
in  the  species  of  the  cat  tribe ;  foxes ;  edentata,  &c. ;  fauna  of  Mada- 
gascar.    §    5.  American   quadrupeds;   domestic   animals  and    civilixed 
inhabitants  of  the  continent  derived  from  Europe ;  fur-bearing  animals 
of  Arctic  America;  usefulness  of  American  dogs;  ruminants;  rod«its; 
fiiuna  of  N.  and  S.  America  separated  by  the  high  land  of  Mexico ;  multi- 
tudes of  the  monkey  tribe ;  opossums ;  their  characteristics ;  peculiarity 
of  the  edentata ;  native  dread  of  the  vampire  bat ;  paucity  of  the  rumi- 
nants prior  to  the  conquest  of  S.  America;   the  alpaca,  vicufia,  and 
guanaco;   rodentia;   relation  of  animals  to  vegetation;   fauna  of  the 
West  Indies.     §  6.  Australian  quadrupeds ;  numbers  of  the  marsupials ; 
peculiarities  of  the  rodentia ;  analogy  between  the  fauna  of  Australia 
and  S.  America. 

§  1.  The  Mammalia,  exclusive  of  man,  consist  of  ten  orders  of 
animals,  which,  however  diflfering  in  appearance,  ap;ree  in  the  one 
general  character  of  suckling  their  young.  These  orders  are — the 
Quadrumana,  animals  w^hich  can  use  their  fore  and  hind  feet  as 
hands,  as  monkeys  and  apes;  Cheiroptera,  animals  with  winged 
arms,  as  bats;  Camivora,  that  live  on  animal  food,  as  the  lion, 
tiger,  bear,  &c. ;  Rodentia,  or  gnawers,  as  beavers,  squirrels,  mice : 
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Edentata,  or  toothless  animals,'  as  slotha,  ant«aterB,  and  armtuliUoei ; 
Pachydermata,  or  thick-akioDed  animals,  aa  the  elephant,  the  borae, 
hipiwpotamua,  and  h(^  :  Buminantla,  aaimals  that  chev  the  cud, 
as  caniulii,  lamas,  giraffes,  cows,  sheep,  deer ;  Mareuplalia,  po»- 
flossin;!  a  pouch  into  which  the  youD^',  born  in  a  less  perfect  stat« 
than  in  the  other  families,  is  received  after  birth  ;  Monotremat*, 
nianimals  of  lonr  organization  allied  to  marsugiiabi ;  and  Cetacea, 
inhabiting  the  waters,  as  dolphins,  cachalots,  whales,  inanati,  Sec.- 

The  animal  creation,  like  the  vof;etable,  varies  with  height  above 
tlic  sea,  and  latitude  ;  the  changes  of  Bpecies  in  ascending  the 
Himalaya,  for  inattmce,  are  similar  to  what  a  traveller  would  meet 
with  in  ills  journey  from  an  equatorial  Ui  a  high  latitude.  The 
number  of  land  mammals  increases  from  the  frigid  zones  to  the 
equator,  but  the  law  is  reversed  with  regard  to  the  marine  mam- 
malia,  which  abound  most  in  high  latitutles. 

Taking  a  bniad  view  of  the  distribution  of  the  ten  ocden  of 
mammalia,  it  may  be  stated  that  the  tropical  forests  are  the  chief 
abode  of  the  monkey  tribe.  Asia  is  the  home  of  the  ape,  espe- 
cially the  islands  of  the  Indian  Archipelago,  as  far  as  the  meet 
easterly  meridian  of  Timor,  beyond  which  there  are  none  ;  they 
abound  tUrou<:;hout  Africa  from  the  Cape  of  Good  Uope  to  Gibraltar, 
where  the  Barbary  ape  is  founil,  the  only  place  where  it  is  met  with 
in  Europe :  another  species  of  apo  inhabits  the  island  of  Niphon, 
the  nurthem  limit  of  monkeys  at  the  eastern  extremity  of  the  old 
continent ;  Madagascar  is  the  chief  home  of  the  Lemurs,  which  are 
monkeys  of  lower  organization.  No  Quadnimana  are  found  in 
Australia,  with  New  Zealand,  New  Guinea,  and  neighbonrinn 
islands  E.  of  Celebes,  in  Oceania,  Northern  Asia,  or  extratixijucAl 
America. 

The  bats  that  live  on  fruits,  forming  a  distinct  section  of  the 
order,  are  met  with  in  tropical  and  warm  climates  of  the  Old  World, 
especially  in  the  liiilian  Archijielago ;  the  common  bats  which 
live  on  itisects,  and  are  so  numerous  in  species  as  to  form  the 
principal  j)ortion  of  the  whole  family,  are  found  everywhere  eicept in 
arctic  America ;  they  are  the  only  indigenous  mammals  found  in 
remote  islanils,  such  as  New  Zealand.  The  vampire  is  only  met 
with  in  tro|)ical  America. 

Camiviirous  mammalia  are  distributed  all  over  the  globe,  though  • 
very  uiie<|ually :  in  Australia  there  arc  no  true  Camivora ;  while  in 
the  tropical  rei^ioos  of  America  there  are  alxiut  120,  in  Africa  IW, 
and  in  Axia  IDO  species ;  and  acy  rnjiid  is  their  increase  towaida 
the  Impickl  rc;;:io[is,  that  there  are  nearly  three  times  as  many 
in  the  ln>pical  as  in  the  temperate  T^ones. 

'  Or  more  properly  wanting  certain  teeth,  u  the  eaniiK*  or  incisor*. 
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With  rpgnriJ  lu  the  Gnawers  or  Bodeutift,  spocios  of  tlie  « 
group  frpqiiontly  linvc  a  wide  rauge  in  the  Bamo,  or  nearly  t 
aniiie,  panillclB  uf  iHtitude,  but  wlien  they  ara  iuliitlittaiita  <it  k' 
moiintain-riiiguB  tbey  follow  the  dircclinn  of  the  chttin,  whatei 
that  may  l*,  anil  groupe  conflncii  lo  high  latitudes  often  a 
agnin  at  great  cIcvAtiotis  in  lowrr  oni«.  the  Edentata  tie 
particularly  chanu^ristic  of  South  America,  where  there  are 
times  as  niauy  BinTies  ac  then;  aro  elsewhere.  Ilip  Pachyder 
ate  very  abuudant  ia  t)i«  old  cuutinuut ;  they  have  been  introdna 
inl«  North  Ainerica  by  man ;  in  the  aouthem  part  of  that  contiM 
the  ooly  ioiiigeDOUS  kinds  arc  the  tapir  and  various  e 
peccaiy.  The  Itutnimuitin  abound  all  over  the  temperat*  i 
trojiical  countriea  of  both  cuntinontK,  and  threi?  sp«des  are  tea 
tut  for  an  beyond  the  Arclii;  Circle — there  are  neither  Bamini 
nor  I'achydunimta  in  Australia.  The  Marsujiialia  aro  oonfiiud  M 
it  and  New  Guinea,  with  a  few  species  in  the  two  America*, 
Hunutremalo,  a  singular  dost  of  (jundrupeds  [losscwting  nwny^ 
the  altributea  of  bit^s  nllh  those  of  the  mnraupUlia,  belong  e; 
aivvly  to  tJio  Ausimliau  coutinont. 

The  distribution  of  mammalia  is  governed  by  laws  ana 
those  which  regubte  tliat  uf  plants,  iusects,  liiihe«,  and  biids.   ] 
continent, and  even  difterent  parts  of  the  same  continent,  are  c< 
of  zoulogivnl  faiuitics,  and  the  exclasive   home  of  many  d 
specie§  and  genera. 

Food,  security,  and  temperature  have  little  influenco  as  ptiin 
cAuses  in  the  distribution  of  aniinals.     Tlie  plains  of  Amerie>  t 
not  Igm  St  for  rearing  oxen  than  the  meadows  of  Enropa ;  yet  ti 
onmmon  ox  was  nut  found  in  that  continent  at  the  time  of  M 
discovery  ;  and  witli  regard  to  temperature  this  animal  thrivea  ■ 
the  Llanu«  of  Venezuela  and  the  Pampas  of  Ituenos  AyiM  as  well  M 
on  the  steppes  in  Europe.    The  horse  is  another  example :  origin- 
ally a  native  of  the  deserts  of  Tartary,  he  now  roams  wild  in  henU 
of  hundreds  of  thousands  on  the  grassy  plains  of  America,  thun^ 
usknuwii  in  that  continent  at  the  time  of  the  Spanish  conqUM 
All  animab.  huwcvor,  are  not  so  flexible  in  their  constitntir 
most  of  them  would  pcriah  from  change  of  climate,    llie  e 
which  the  different  gcTicra  and  species  now  inhabit  must  have  b 
occiipic^l  by  them  as  each  part  of  the  land  ruse  above  the  o 
the  occu|«tion  depending  on  the  propinquity  of  the  Rtationa  t 
previously   inhabited,  and   the   absence  of  natural  barriera; 
because  they  have  found  in  these  Htations  all  that  was  c 


I  Thsre  eiisl,  howBver,  rcmaioa  of  many  fnssil  >peci«>  of  hone  in 
parti  nf  South  nod  North  Americs,  couteaipnraneuus  with  the  n 
nod  eitioct  gigintic  Edratsts  of  that  eonliiunt. 
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for  their  existence  many  have  never  wandered  from  them,  notwith- 
standing their  powers  of  locomotion  ;  while  others  have  migrated, 
but  only  within  certain  bounds. 

Instinct  leads  animals  to  migrate  when  they  become  too  nume- 
rous: the  rat  in  Kamtchatka,  according  to  Pennant,  sets  out  in 
spring  in  great  multitudes,  and  travels  800  miles,  swimming  over 
rivers  and  lakes ;  and  the  Lapland  marmot  or  lemming,  a  native  in 
the  mountains  of  Kolen,  migrates  in  great  numbers,  once  or  twice 
in  25  years,  to  the  Western  Ocean,  which  they  ent^jr  and  are 
drowned  ;  other  bands  go  through  Swedish  Iiapland,  and  perish  in 
the  Gulf  of  Bothnia.  Thus  nature  provides  a  remeily  against  the 
over  increase  of  any  one  si)ecics,  and  maintains  the  balance  of  the 
whole  creation.  A  temporary  migration  for  food  is  not  uncommon 
in  animals.  The  wild  ass,  or  Onagra,  a  native  of  the  deserts  of 
Great  Tartary,  in  summer  lives  to  the  E.  and  N.  of  the  lake  of 
Aral,  and  in  autunm  migrates  in  great  numbers  to  Persia,  and  even 
to  the  high  plains  of  North-Western  India.*  The  ruminating 
animals  that  dwell  in  the  inaccessible  parts  of  the  Himalaya  and 
the  Andes  descend  to  their  lower  declivities  in  search  of  food  in 
winter ;  and  for  the  same  reason  the  reindeer  and  musk-ox  leave 
the  Arctic  snows  for  a  more  southern  latitude. 

The  Arctic  regions  form  a  district  common  to  Europe,  Asia,  and 
America.  On  this  account,  the  animals  inhabiting  the  northern 
parts  of  these  continents  belong  to  the  same  species,  or  to  forms 
very  similar  ;  in  fact,  there  is  no  genus  of  quadrupeds  in  the  Arctic 
regions  that  is  not  found  in  the  two  great  continents,  though  there 
are  only  27  sjwcies  common  to  all,  and  these  are  mostly  fur-bearing 
animals.  In  the  temperate  zones  of  Euroi)e  and  Asia,  which  form 
an  uninterrupted  region,  identity  of  species  is  occasionally  met 
with,  but  for  the  most  part  marked  by  such  varieties  in  size  and 
colour  as  might  be  expected  to  arise  from  difference  of  food  and 
climate.  The  same  genera  are  sometimes  found  in  the  intertropical 
parts  of  Asia,  Africa,  and  America,  but  the  same  species  very 
rarely,  if  ever  ;  much  less  in  the  southern  temperate  zones  of  these 
continents,  where  nearly  all  the  animals  are  different,  whether 
birds,  beasts,  insects,  or  reptiles ;  but  in  similar  climates  tribes  of 
forms  in  many  resi)ects  analogous  replace  one  another. 

Europe  has  no  family  and  no  order  peculiarly  its  own,  and  many 
of  its  species  are  common  to  other  countries;  consequently  the 
great  zoological  districts,  when  the  subject  is  viewed  on  a  broad 


*  The  wild  ass  is  frequent  in  the  plains  of  Sindh  and  Beloochistan,  where 
it  \s  known  by  the  name  ofGorkhar.  There  is  some  doubt  as  to  ita  being 
the  same  s]>ocies  as  the  Kiang  of  the  mountainous  regions  of  the  Himalaya 
and  Tibet,  where  the  latter  has  been  seen  as  high  as  18,t>00  feet  above  the 
level  of  the  sea. 
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■cole,  ore  Northeni  Europe  and  Siberia,  Suiithom  Amk, 
Nottii  and  SuuUi  America,  ami  AustmlU ;  but  in  etwh  of 
Ibera  art'  lunftUcr  diBtricW,  to  which  |iartioular  i;:eneni  uud  Cuni 
are  cooliiiwl.    Yet  whea  regioas  of  timilar  climstu  and  ve^tatlca 
M«  not  separated  b;  lofty  mountajn-chaiiu,  or  otber  grmt  bamera, 
the  faunas  are  in  inoct  cases  blended  to^^thcr  onthecoufinelbet' 
the  two  diitrictSjM  tlutt  there  Ja  cot  a  sudden  obsage. 

EUBOPEAS  Q0ADRIIPED6. 

§  2.  The  character  uf  the  animab  of  temperate  Europe  hai  b 
niore  changed  by  the  pro^rreHS  of  civiliaation  than  that  of  any  tr 
quarter  of  the  globe.  Many  of  its  origiDnl  inhabitanU  have  b 
extirpated,  aiHl  new  races  introduced  ;  but  it  Bcvms  always  to  It 
possessed  various  amnials  capable  of  beini;  dumeeticated.  Th«  H 
oattle  in  the  porks  at  Hamillon  and  in  that  of  the  Earl  of  T 
kerrille  are  the  ouly  reunanta  of  the  ai|cient  inhabitants  of  tl 
British  forests,  though  they  were  spread  over  Europe,  and  p 
wt^re  the  fareut  atnck  from  which  the  European  cattle  uf  the  { 
sent  time  are  descended ;  the  Aurochs  (Urus),  an  animal  i 
extiuct,  and  foimd  only  in  the  forests  of  IJtbuauia,  repreMlita  d 
Bison  of  North  America,  and  is  untameable.  Both  are  aappoaed  |j 
have  come  originally  from  Asia.  The  moufion,  which  c 
Caraica  and  Sanlinio,  is  by  some  tuppoKed  to  be  the  parent  » 
of  our  domestic  sheep.     The  hi^,  the  goat,  the  red  and  f»lluw  d 

haTo  been  domesticated,  and  also  the  reindeer,  which  ct  '        

be  called  European,  nnce  it  also  inhabits  the  northern  regions  it 
Asia  and  America,  Our  domestic  cot  is  an  European  species  in  Iti 
wild  slate.  Alto;;elher  eight  or  ten  species  of  our  domestic  quad- 
rupeda  have  sprung  from  nntirc  aniu^als.  

A  remarkable  nniformity  jirevaila  in  the  organization  and  fa 
stincts  of  each  species  of  animal  in  its  wild  slate,  Many  ti' 
themaelvea  to  change  of  climate ;  after  some  geoerations  I 
habits  and  organiiatioa  alter  to  suit  the  new  condition  in  whli 
they  are  placed ;  hut  domestication  is  the  cause  of  all  our  tame  bi 
useful  animals ;  by  high  cultivation  and  training  great  0 
have  been  produced  in  form ;  and  in  some  instsnoes  habtta  t 
powers  of  peroeptioa  are  produced,  approaching  to  reason,  whi 
remain  hereditary  as  long  as  the  breed  is  unchanged. 

There  are  still  about  180  wild  quadrupciU  in  Enrope :  45  of  tl 
are  also  found  in  western  Asia,  and  nine  are  con: 
Africa.    The  most  remarkable  are  the  reindeer,  elk,  red  and  tiklh 
deer,  the  roehuclc,  glutton,  lyni,  polecat,  some  species  of  vrild  catjf 
the  common  and  black  squirrels,  the  fox,  wild  boar,  wolf,  the  b' 
and  the  brown  bear,  soTBnl  species  of  woaoels  and  rodents. 
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otter  is  common,  but  the  beaver  is  now  met  with  only  on  the 
Bhine,  the  Rhone,  the  Danube,  and  some  other  large  rivers  ;  rabbits 
and  hares  are  numerous ;  the  hedgehoj;  is  very  generally  distri- 
buted ;  the  porcupine  in  southern  Europe  only ;  the  chamois  and 
the  ibex,  or  bouquetin,  in  the  Aljis  and  Pyrenees.  Many  species  of 
these  animals  are  widely  distributed  over  Europe,  generally  with 
variations  in  size  and  colour.  The  chamois  of  the  Alps  and  Pyre- 
nees, though  of  the  same  species,  is  slightly  changed  in  appearance  ; 
the  fox  of  the  most  northern  parts  of  Europe  is  larger  than  that  of 
Italy  and  of  the  S.,  with  a  thicker  fur,  and  of  somewhat  different 
colour,  depending  on  climate. 

Some  animals  never  descend  below  a  certain  height,  as  the  ibex 
and  chamois,  which  live  at  greater  elevations  than  any  of  our 
European  quadrupeds,  being  usually  found  between  the  region  of 
trees  and  the  line  of  perpetual  snow,  which  is  about  8900  feet  on 
the  southern,  and  8200  on  the  northern  declivities  of  the  Alps. 
The  red  deer  does  not  ascend  beyond  7000  feet,  and  the  fallow- 
deer  not  higher  than  6000,  above  the  level  of  the  sea:  the  two 
latter,  however,  descend  to  the  plains,  the  former  never  do.  The 
bear,  the  lynx,  and  the  stoat  are  sometimes  met  with  nearly  at  the 
limit  of  perpetual  snow. 

Some  European  animals  are  much  circumscribed  in  their  locali- 
ties. The  mouflon  is  confined  to  Corsica  and  Sanlinia ;  a  species 
of  weasel  and  bat  inhabit  Sardinia  only ;  and  Sicily  has  several 
bats  and  mice  peculiar  to  it.  There  is  only  one  species  of  monkey 
in  Europe,  which  lives  on  the  rock  of  Gibraltar,  and  is  supix>sed  to 
have  been  introduced  from  Africa.  All  the  indigenous  British 
quadrupeds  now  existing,  together  with  extinct  hyaena,  tiger,  bear, 
and  wolf,  whose  bones  have  been  found  in  caverns,  are  also  found 
in  the  same  state  in  Germany.  Ireland  was  probably  separated  by 
St.  George's  Channel  from  England  before  all  the  animals  had  mi- 
grated to  the  latter ;  so  that  our  squirrel,  mole,  pole-cat,  dormouse, 
and  several  smaller  quadrui)eds,  never  reached  the  sister  island. 
Professor  Owen  has  shown  that  the  British  horse,  ass,  hog,  the 
smaller  wild  ox,  the  goat,  roe,  red  deer,  beaver,  with  many  small 
rodents,  are  the  same  si)ecies  with  those  which  had  co-existed  with 
the  mammoth  or  fossil  elephant,  the  great  northern  hippoi)otamus, 
and  two  kinds  of  rhinoceros  long  extinct ;  so  that  a  part  only  of  the 
modem  tertiary  fauna  has  {>eri8lied,  from  whence  he  infers  that 
the  cause  of  their  destruction  was  not  a  violent  universal  catas- 
trophe from  which  ncme  could  have  escaped.  The  Bos  longifrons 
and  the  gigantic  Elk  of  the  Irish  bogs,  now  an  extinct  species,  and 
also,  according  to  the  evidence  of  flint  weapons  in  drift  deposits, 
the  Mammoth,  hairy  Rhinoceros,  and  other  large  animals,  were 
probably  co-existent  with  man. 


I'f.sitio  iiKiiiy  ni"  iiii»><'  alrtM'iv  iin'ii 
lai'L!''  (iccr,  licars,  stiiiic   ]iri;liar  \\c 
sini'i).     'I'lie  IIk'x  <»t"  liic  Alps  is  loi 
chaiu;  the  gluttou  aud  nmsk-decr 
the  red  deer  and  the  Saiga  antok 
Felis  irbifl,  a  species  of  {)anther,  wo 
tains  to  the  Altai  and  into  southen 
even  as  far  N.  as  the  banks  of  the 
these  northern  regions  it  differs  coi 
fically,  from  that  of  Bengal ;  thus 
perature  varying  from  81°  of  Fah 
llie  animals  of  Japan  have  a  strong 
many  are  identical,  or  slightly  vari 
M I  common  fox,  marten,  and  squirrel. 

species  of  bear  in  the  island  of  Jesso 
the  Rocky  Mountains  of  North  Amer 

!  of  Japan  is  nearly  allied  to  the  A 

mountains ;  and  other  animals  nativ 

i  those  in  Sumatra;  so  that  its  fauni 

very  distant  regions. 
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\i  ASIATIC  QUAD 

{  8.  Asia  has  a  greater  number  an 
mals  than  any  country  except  Amcri 
of  those  that  are  domesticated.    Tho 
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white  squirrel ;  and  even  the  Bengal  royal  tiger  is  sometimes  seen 
on  Mount  Ararat,  and  is  not  uncommon  in  Azerhijan  and  the 
moimtains  of  Persia. 

Arabia  is  inhabited  by  the  hyiena,  panther,  jackal,  and  wolf. 
Antelopes  and  monkeys  are  found  in  Yeman.  Most  of  these  are 
also  indigenous  in  Persia.  The  wild  ass,  or  Onagra,  the  Gorkhar 
of  North-west  India,  a  handsome  spirited  animal  of  great  speed, 
and  so  shy  that  it  is  scarcely  possible  to  approach  it,  wanders  in 
herds  over  the  plains  and  table-lands  of  Central  Asia,  extending 
its  migrations  as  far  as  the  plains  of  Beloochistan  and  Sindh,  to  the 
Indian  desert,  and  to  the  Runn  of  Kutch — "  the  wilderness  and 
the  barren  lands  are  his  dwelling.*'  There  is  a  distinct  si)ecies  (the 
Kiang)  that  lives  in  the  most  elevated  regions  of  Tartary  and  Tibet ; 
it  has  been  seen  on  the  shores  of  the  sacred  lakes  of  Manasarowar 
and  Rakasthal,  at  a  height  of  more  than  15,250  feet  above  the  sea, 
and  on  one  occasion  as  high  as  18,600. 

A  few  animals  are  peculiar  to  the  high  cold  plains  of  the  table- 
land of  eastern  Asia  :  the  Dziggetai,  a  very  fleet  animal,  is  peculiar 
to  these  Tartarian  steppes.  Two  species  of  antelopes  inhabit  the 
plains  of  Tibet,  congregating  in  immense  herds,  with  sentinels  so 
vigilant  that  it  is  scarcely  possible  to  approach  them. 

The  Dzcran,  or  yellow  goat,  which  is  both  swift  and  shy,  and  the 
handsome  Tartar  ox,  are  natives  of  these  wilds ;  also  the  shawl-wool 
goat  and  the  Manul,  from  which  the  Angora  cat,  so  much  admired 
in  Persia  and  Europe,  is  descended.  Many  of  the  animals  that  live 
at  such  heights  cannot  exist  in  less  elevated  and  warmer  regions, 
exhibiting  an  instance  of  the  limited  distribution  of  S|iecies.  Ooats 
and  sheep  endure  best  the  rarefied  air  and  great  cold  of  high  lands : 
the  Cashmere  goat  and  Argali  sheep  browse  on  the  plains  of  Tibet 
at  elevations  of  from  10,000  to  13,000  feet ;  the  Rass,  a  sheep  with 
spiral  horns,  lives  on  the  table-lands  of  Pamir,  which  are  15,000 
feet  al)ove  the  sea;  and  also  the  Kutch-gar,  a  si>ecies  of  sheep 
which  is  about  the  height  of  a  year-old  colt,  with  fine  curling 
horns :  they  congregate  in  flocks  of  many  hundreds,  and  are  hunted 
by  the  nomade  tribes  of  Kirghis. 

The  ruminating  animals  of  Asia  are  more  numerous  than  those  of 
any  other  part  of  the  world  :  64  species  are  native,  and  46  of  theae 
exist  there  only.  There  are  several  varieties  of  wild  oxen ;  one  in 
the  Birmese  empire,  and  on  the  mountains  of  north-eastern  India, 
with  spiral  twisted  horns.  The  buffalo  is  a  native  of  China,  India^ 
Borneo,  and  the  Sunda  Islands ;  it  is  a  large  animal,  formidable  iu 
a  wild  state,  but  domesticated  throughout  the  East.  It  was  intro- 
duced into  Italy  in  the  sixth  century,  and  largo  herds  now  graze  in 
the  low  marshy  plains  near  the  sea. 

Various  kinds  of  oxen  have  been  domesticated  in  India  from  time 
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immemorial ;  the  Zebu  or  India  ox,  witli  a  hump  on  tbs  aliou 
has  been  venerated  by  the  Brahmins  forages,    llie  Yak,a  ' 
animal,  which  is  chiefly  employed   as  a  beast  of  burtheQ  hj  tl 
Tibetana,  has  long  beca  domesticated,  and  cun  li<re  on  the  pai 
the  Himalaya  as  hii;h  u  19,300  feet.     Its  whit«  silkj'  taiC  ui 
th«   Eiuit   to  drive  away   fliea,  has  Iwcd  adopted  as  tha  Turkii 
■taodanj ;  Mid  tfao  common  Indian  ox  differs  from  all  othen  in  t] 
gtnat  speed  of  iU)  coutse.     Some  other  species  of  catll«  have  \m 
lamed,  and  some  are  itlll  wild  in  loilia,  Java,  and  other  Aaii 
Unndt!.    'llie  Duihmare  goat,  which  producee  the  Bhawl-wual,  i*  U 
moat  valuable  of  the  several  Tuleties  of  goata  and  sheep  of  A 
it  is  ke{>t  iu  large  berdf  in  the  great  vallfj^  ud  the  Durtben)  a 
soDthern  declivities  of  the  Himalaya,  and  in  the  uppur  n 
Bhotan,  where  the  cold  climate  is  congenial  to  it. 

The  Btictriaa  camel,  with  two  humps,  it  strcmg,  rough,  u 
and  is  said  to  bo  found  in  a  wild  state  in  the  desert  of  Rbuno:  i 
is  the  camel  of  central  Asia,  N.  of  the  Uimaluya  and  Taunui,  al 
of  the  Crimee  and  the  countries  round  the  Caucasus,    llie  n 
oonimon  or  Arabian  speciee,  the  Dromedary,  with  one  biun|>,  ia  .■ 
native  of  Asia,  though  only  known  now  in  a  domeeticated  aUta 
it  has  been  iutroducwl  into  Africa,  Italy,  the  Canary  Islands,  « 
oven  into  the  elevated  regions  of  the  I'erU'Bolivian  *n'lfff.     ~ 
Lost  come  from  the  (irovinco  of  Nejed  In  Arabia,  which  on  li 
account  ia  called  the  "mother  of  camels."    The  camel  uf  Oman  j 
remarkable  for  beauty  and  swiftness. 

Ten  spQcies  of  antelopes  and  twenty  of  deer  ate  peculiar  to  A 
two  s|x<cies  of  antelopes  have  already  been  mentioned  as  peculiar  d 
the  table-hiudH,  tlie  others  are  distribnted  over  the  island*  ot  i' 
Asiatic  &rcbipela(;o.  The  musknleer  (^MokAus  7uoidii/m*)  i 
h&hits  the  mountaiuoua  couDtries  of  central  and  south-ei 
between  China  and  Tartary,  the  regions  round  Uk©  Uaika],  ' 
Altai  mountains,  Nepaul,  Bhotan,  Tibet,  and  the  adjacent  connt^ 
of  China. 

Asia  possetnes  about  ten  species  of  FAchyderniato,  including  tl 
elephant,  horse,  ass,  which  have  been  domesticated  Irom  the  tf 
of  the  earliest  historicsl  records.    The  horse  Is  8up]>o8e<l  to  h 
existed  wild  in  the  plains  of  central  Asia,  as  the  dromedtiyjj 
Arabia,  though  now  they  are  nnty  known  as  domestic  a: 
Arahian  and   Persian  horses  possess  acknowledged  excellence  ai 
lieauty,  and  from  these  our  best  European  breeds  a 
the  African  bone,  which  was  introduced  into  Spain  by  tli«  V 
is  probably  of  the  same  mce. 

The  elephant  hati  lung  beeu  a  domestic  animal  in  Asia,  ibongh  HtV 
still  roams  wild  in  formidable  herds  through  the  forcsla  and  jtw 
at  the  foot  of  the  Himalaya,  in  other  parts  of  India,  lUe  I 
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ChiiieM  peDinsnla,  and  the  ulands  of  Bum&tr*  and  Ceylon ;  Hu 
huntinj;  elephant  ii  esteemed  tiie  most  noble.  A  one-homed 
rhinocerce  is  a  native  of  oontmental  Asia. 

Tlicre  are  several  genera  of  Asiatic  camiToronB  animals,  of  which 
the  royal  tiger  is  the  most  beautiful  and  fonnidtble ;  its  favourite 
habitation  is  in  the  jungles  of  Hindoetan,  thou;^  it  wanders  nearij 
to  the  limit  of  perpetual  snow  in  the  Himalaya,  to  the  Penrian  and 
Armenian  mountains,  to  Siberia  and  China.  Leofiards  utd  ;«Dtb«n 
are  common,  and  there  is  a  maneless  variety  of  the  lion  in  OnEent  j 
the  cheetah,  used  in  hunting,  is  the  only  one  of  the  leopards  capftUe 
of  bein^  tamed.  '1  lie  byo^na  is  found  everywhere,  excepting  in  the 
Birmcse  enipire,  in  which  there  are  ncitliur  wolves,  hyKnas,  foxes, 
nor  jackals.  There  are  four  species  of  bears  in  India ;  that  of 
Nepanl  is  said  to  furnish  a  valuable  fur :  the  wild  Ixxtr,  hog,  and 
dogs  of  endless  variety,  abound  all  over  Ihe  cootinenL 

The  cdentata  have  only  two  representatives  in  India,  which  differ 
from  all  others  except  the  African  in  bcine  covered  with  imbncaUd 
scales.  Of  these  the  short-tailed  Pangolin,  or  scaly  antr^ater,  ii 
found  throughout  the  Deccan,  Ben<i;al,  Nepaul,  the  southern  pro- 
vinces of  China,  and  in  the  island  of  Fnrmoua. 

The  Indian  Archipelago  and  the  Indo-Chinese  peninsuU  fotm  a 
zoological  sub-province,  havin;!  several  animals  exclusively  it*  own. 
The  royal  ti^r  abounds  in  the  peninsula  of  Malacca,  and  also  the 
black  variety  of  the  panther,  leopard,  wild  cata,  multitudes  of 
elephants,  the  rhinoceros  of  the  three  Asiatic  species,  the  llatayan 
tapir,  numerous  species  of  deer,  the  Babiroussa  hog,  and  anotbet 
s|iecieB  of  that  genus.  Some  groups  of  the  islands  have  Mveial 
animals  io  common,  either  identical  or  with  slight  variation*,  that 
are  altogether  wanting  in  other  islands,  which,  in  their  turn,  h»,n 
creatures  of  tbcir  own.  Many  speciee  ar«  common  to  the  archi- 
pelago and  the  neighbouring  paiis  of  the  continent,  or  even  to 
China,  Bengal,  Hindoetan,  and  Ceylon.  Flying  qoadrupeds  an 
a  distinguishing  feature  of  this  archipelago,  though  aome  do  not 
absolutely  fly,  but  by  an  extension  of  the  akin  of  their  sidea  to 
their  legs,  which  serves  as  a  parachute,  are  enabled  to  take  Icng 
leaps  and  to  support  themselves  in  the  air.  Nocturnal  Bjiag 
squirrels,  of  several  species,  are  common  to  the  Malayan  penlnsnU 
and  the  Sunda  Islands,  especially  Java ;  and  three  specie*  of  Bying 
lemur*  inhabit  Sunda,  Malacca,  and  the  Pelew  islands.  Bealdaa 
these,  there  are  the  frugivorous  bats,  which  really  do  Sy,  differing 
from  bats  in  other  countries  by  living  eiclunively  upon  vegetAble 
food.  I'he  KouRsetle,  (h*  Kalong,  which  is  used  as  an  article  of  food, 
one  of  the  largest  known,  appears  in  flocks  of  hundreds,  and  sven 
thousands,  iu  Java,  Sumatra,  and  Bands :  the  Pteropns  fuuaiMU, 
another  of  these  lat^  bata,  aHombles  in  as  great  numbers. 
2  E 
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About  160  npeciM  of  the  spe  and  monkey  tribe  itre  eotirely 
Asiatic  :  monkejs  are  found  only  on  the  coast  of  India,  Cochin- 
Chiua,  and  the  Sunda  IslBiida  :  th^  long-annfd  apes  or  Gibbons 
belong  to  the  Sunda  Islands  and  the  peninsula  of  Halacoa.  The 
Simayang,  a  very  large  ape  of  Sumatra,  moves  about  in  laj^e 
troops,  following  a  leader,  and  makes  a  honling  Doise  at  sunrise 
•nd  sunset  that  is  heard  miles  off.  Sumatra  and  Borneo  are  the 
peonliar  abode  of  the  Orang-outang,  a  name  which  in  the  Malaj 
I  language  signifies  "  man  of  the  woods ; "  except  perhaps  the  Chim- 
t  paoeee  of  AlHca,  It  approaches  nearest  to  man.  It  has  never  spread 
am  the  islands  it  inhabits,  tboogh  Uiete  seems  to  be  nothing  to 
prevent  it,  bnt  it  finds  all  Chat  is  necessarj  within  a  limited  district. 
The  orang-outang  and  the  long-armed  apes  have  extraordinajy 
mnscalai  slrength,  tbty  swing  from  tree  lo  tree  by  their  anna. 

"The  Ualays  have  given  the  name  of  orang,  or  man,  to  the  wbole 
tribe,  on  account  of  their  inleltigeDce  as  well  as  their  form. 

A  two-homed  rhinoceros  is  peculiar  to  Sumatra,  of  a  dificient 
■peciea  from  the  African,  also  the  Fells  macrocelis,  and  a  very  large 
bear ;  there  are  only  two  tipeciei  of  squirrels  in  Java,  which  is 
I  ramarkable,  as  the  Sunda  Islands  abound  in  them.  The  royal  tiger 
I M  India  and  the  elephant  are  found  in  Sumatra,  and  the  BsbirousBa 
bog  in  Borneo ;  but  these  two  islands  possess  many  quadrupeds  in 
a  leopard,  the  black  antelope,  some  gnioeful  miniature 
n  of  the  deer  kind,  the  tapir,  also  found  in  Malacca,  besides 
a  wild  bear,  an  inhabitant  of  all  the  marshy  forests  from  Borneo  to 
the  Moluccas.  In  the  larger  islands  deer  stiound,  some  as  large  as 
the  elk,  probably  the  HippeUpbus  of  Aristotle. 

The  Anoa,  a  ruminating  animal  about  the  alce  of  a  sheep,  a 
species  of  antelope,  shy  and  savage,  goes  in  herds  in  the  mouutoiiiB 
of  Celebes,  where  nmny  animals  strangers  to  the  Sunda  Islands, 
begin  to  show  themselves,  as  some  sorts  of  phalangers,  or  poached 
quadrupeds.  These  new  forms  become  more  ouinerouB  in  the 
Holnccas,  which  ara  inhabited  by  flying  phalangeni  and  other 
pouched  aniirials,  with  hairless  scaly  tails.  The  phalaogerv  are 
noctomal,  and  live  on  trees.  In  New  Quineft  there  are  kangaroos, 
the  spotted  phalanger,  the  New  Guinea  hog,  and  the  Papua  dog, 
■aid  to  be  the  wild  species  from  which  all  the  native  dog?  in 
Australia  and  Oceania,  wild  or  tame,  are  descended.  The  eastern 
islands  of  the  Archipelago,  in  fact,  belong  to  a  nwlt^cal  division 
quite  distinct  from  Southern  Asia,  and  according  to  Hr.  Wallace, 
OUT  latest  and  best  authority,  should  be  classed  with  Australia. 
The  line  of  division  is  a  deep-sea  channel  running  nearly  8.E.  and 
N.W.  through  the  islands,  beginning  with  the  narrow  strait  which 
separates  the  islands  of  Bali  and  Lombok  and  ninning  between 
Borneo  and  Celebes.    Celebes  is  to  some  extent  an  intermediate 
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land,  poBe««iiiig  a  repreBentative  of  the  Qutdrumanft  order.  In  all 
the  other  eaBt«m  islands,  u  in  Australia,  monkeTS,  pAcbydennata, 
and  a  hoet  of  other  Eunilies,  genera  and  speciea  oonunob  in  the 
Western  islands  and  Southern  Asia,  are  entirely  unknown.  It  ia 
remarkahlc  that  this  classification  corresponds  with  the  depth  of 
the  Heoa  separating  the  lands ;  Borneo,  Sumatra,  and  Java,  bdng 
connected  with  the  Malayan  Peninsula  by  a  shallow  sea,  just  as 
New  Guinea  and  its  surroiindiDg  islands  are  connected  by  a  channel 
of  snull  depth  with  Australia. 

ATUOAK  OUADBVnDB. 

g  4.  The  opposite  extremes  of  aridity  and  moisture  in  the  African 
continent  have  had  great  influence  on  the  nature  and  distribution  of 
its  animals  ;  and  since  by  fiu-  the  greater  part  consists  of  plains 
utterly  barren  or  covered  by  temporary  verdure,  and  watered  by 
periodical  streams  that  flow  only  during  a  few  months  in  the  year, 
fleet  animals,  fitted  to  live  on  arid  plains,  are  far  more  abundant 
tlian  those  that  require  rich  vegetation  and  much  water.  The 
latter  are  chiefly  confined  to  the  intertropical  coasts,  and  especially 
to  the  large  jungles  and  deep  forests  in  the  centre  and  at  the 
northern  declivity  of  the  table-land,  where  several  genera  and 
many  species  exist  that  are  not  found  elsewhere.  Africa  haa  a 
fauna  in  many  respects  diflerent  from  tliat  of  every  other  put  of 
the  globe ;  for  although  about  100  of  its  quadrupeds  are  common 
to  other  countries,  there  are  260  species  exclusively  its  own.  Several 
of  these  animals,  etipecially  the  larger  kinds,  are  distributed  over 
the  whole  table-land  from  the  Cape  of  Good  Hope  to  the  highUnds 
of  Abyssinia  and  Sen^ambia  without  the  smallest  variety,  some 
are  slighlly  modified  in  colour  and  size.  Ruminating  animals  are 
very  niimorous,  though  few  have  been  domesticated :  of  these  the 
01  of  Abyssinia  and  Bomou  is  remarkable  from  the  extraordinary 
size  of  its  homs,  which  are  sometimes  two  feet  in  circumference  at 
the  root ;  the  Galla  ox  of  Abyssiuia  has  homs  four  feet  long ;  and 
the  ox  from  Kuruman,  in  the  territory  of  our  Cape  Colony,  five  feet 
in  length,  by  one  and  three-quart«rs  in  diameter  at  the  hue.  There 
are  many  African  vanetiea  of  buflalo ;  that  at  the  Cape  of  Good 
Hope  is  a  large,  fierce  animal,  wandering  in  herds  in  every  part  of 
the  country,  even  to  Abyssinia  ;  the  flesh  is  sometimes  impr^nated 
with  the  odour  of  mask.  The  African  sheep  and  goats,  of  which 
there  arc  many  varieties,  differ  from  tboae  of  other  countries  ;  the 
wool  of  all  is  coarse,  except  that  of  the  Meriito  sheep,  said  to  have 
been  introduced  from  Morocco  into  Spain  by  the  Moors, 

No  country  possesses  a  ruminating  animal  similar  to  the  Giraffe, 
or  Camelopajd,  which  ranges  widely  over  South  Africa  from  th« 
2  K  2 
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northern  banks  of  the  Gareep,  or  Orange  riyer,  to  the  Great  Deeert ; 
it  is  also  found  in  Dongola  and  in  Abyssinia.  It  is  a  gentle  timid 
animal,  and  has  been  seen,  though  rarely,  in  troops  of  100.  The 
earliest  record  we  have  of  it  is  on  the  sculptured  monuments  of  the 
ancient  Egyptians,  and  it  is  well  known  that  it  was  brought  to 
Rome  to  grace  the  triumph  of  a  yictorious  emperor. 

Africa  may  truly  be  called  the  land  of  the  genus  AntUopey  which 
is  found  in  every  part  of  it,  where  it  may  be  said  to  represent  the 
deer  of  Europe,  Asia,  and  America.  Dififerent  species  have  their 
peculiar  localities,  while  others  are  more  widely  dispersed.  The 
greater  number  are  inhabitants  of  the  open  plains,  while  a  few 
penetrate  into  the  forests.  About  70  species  have  been  described, 
of  which  at  least  26  are  found  N.  of  the  colony  of  the  Cape  of  Good 
Hope  and  in  the  adjacent  countries.  They  are  of  every  size,  from 
the  pigmy  antelope,  not  larger  than  a  hare,  to  the  Caaona  and  the 
Eland,  which  are  as  large  as  the  ox  and  horse.  Timidity  is  the 
universal  character  of  the  race.  Most  of  the  species  are  gr^^oos ; 
and  the  number  in  a  herd  is  far  too  great  even  to  guess  at.  Like 
all  animals  that  feed  in  herds,  they  have  sentinels ;  and  they  are 
the  easy  prey  of  so  many  carnivorous  animals,  that  their  safety 
requires  this  precaution.  At  the  head  of  their  enemies  is  the  Lion, 
who  lurks  among  the  tall  reeds  at  the  fountains,  to  seize  them  when 
they  come  to  drink.  'J'he  antelopes  for  the  most  part  are  graceful 
in  their  motions,  especially  the  Springbuck,  which  travels  in  com- 
pact troops ;  and  in  their  march  there  is  constantly  one  which 
gathers  its  slender  limbs  together,  and  bounds  into  the  air. 

Africa  has  only  two  species  of  deer,  both  inhabiting  the  chain  of 
the  Atlas :  one  is  the  common  fallow-deer  of  Europe. 

There  are  three  species  of  the  horse  peculiar  to  South  Africa ;  of 
these  the  Zebra,  the  more  sober-coloured  Quagga,  and  Burchell's 
Quagga,  beautifully  striped,  wander  in  troops  over  the  plains,  often 
in  company  with  ostriches.  An  alliance  between  creatures  differing 
in  nature  and  habits  is  not  easily  accounted  for.  The  two-homed 
rhinoceros  of  Africa  is  different  from  that  of  Asia ;  there  are  cer- 
tainly three,  and  probably  five,  species  of  these  huge  animals 
peculiar  to  the  table-land.  Dr.  Smith  saw  150  in  one  day  near  the 
124th  parallel  of  S.  latitude.  The  hippopotamus  is  exclusively 
African:  multitudes  inhabit  the  lakes  and  rivers  in  the  tropical 
and  southern  parts  of  the  continent ;  those  that  inhabit  the  Nile 
and  Senegal,  if  they  do  not  belong  to  a  different  species,  form  a 
very  marked  variety.  The  elephant  differs  very  considerably  from 
that  of  Asia,  and  is  so  numerous  that  200  have  been  seen  in  a  herd 
near  lake  Chad :  and  according  to  the  accounts  of  recent  explorers 
they  seem  to  be  equally  numerous  in  other  parts  of  the  interior  of 
the  continent   They  are  not  domesticated  in  Africa,  and  are  hunted 
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hj  the  nativea  for  their  tuaki.  The  PhacochtEnu,  w  Wart-hog, 
lives  beyond  the  limiu  of  Cape  colony ;  ami  the  Bosch  Vark  (^t 
larvaiu*),  on  its  eastern  coasts,  ss  well  oa  a  species  of  Hyrax,  an 
among  the  peculiar  Pachydennata  iif  this  continent.  The  monkey 
tribe  is  found  in  all  the  hot  parts  of  Africa:  peculiar  genera  are 
allotted  to  pnrticular  distncU.  Except  a  few  in  Asia,  the  group  of 
the  Guenou  monkeys  is  found  in  no  other  part  of  the  world  than 
about  the  Cape  of  Good  Hope,  and  on  or  near  the  coasts  of  Loanda 
and  Guinea.  The  species  are  numerous,  and  vary  much  in  (iie  and 
colours ;  the  Cyno(;ephaluB,  or  dog-lieaded  baboon,  with  a  face  like 
that  of  a  dog,  is  large,  powerful,  and  dangerous.  A  specie*  c^  thoM 
baboonit  inhabits  Guinea,  others  the  southern  parta  of  the  l^rie- 
knd,  and  one  is  met  with  everywhere  from  Sennaar  to  Caft«h«. 
A  remarkable  long-haired  species  of  baboon,  the  tiomadryw,  ia 
found  in  the  mountains  of  Abyssinia,  8000  feet  above  the  sea;  Che 
Maadrille,  which  belong  to  the  name  genns,  come  from  the  co«*t*  of 
Guinea.  The  magot,  or  Barbary  ape,  is  common  over  Nortiiem 
Africa.  The  African  long-haired  tailless  apes,  which  form  the 
genus  Colohus,  ore  met  with  in  the  tropical  districts  on  the  weiteni 
coast ;  the  C.  Poijcomoa,  or  king  of  the  monkeys,  so  called  i:^  the 
aativee  from  its  beautiful  fur  and  singular  head  of  bushy  hair,  in 
met  with  in  the  forests  about  Siena  Leone.  The  Chimpaniee, 
which  BO  nearly  approaches  the  human  form,  inhabits  the  fwMta 
of  Western  Africa  from  Cape  Negro  to  the  Gambia.  Living  in 
troojia,  like  most  apes  and  monkeys,  which  are  eminently  gregarioui, 
it  is  very  intelligent  and  easily  tamed.  A  uow  genua,  the  Gorilla, 
allied  to  the  Chimpanzee,  surpassing  in  size  the  Urang-oulang,  was 
lirat  accurately  described  by  Professor  Owen :  its  habitat  is  restricted 
to  the  equatorial  coast  forests  around  the  Gaboon  and  Feniand 
VoB  rivers.  Other  species  or  varieties  of  the  ChimpaoEee  were 
added  by  the  indefatigable  explorer  M.  du  Chaillu.* 

Africa  possesses  the  cat  tribe  in  great  variety  and  beauty ;  Kons, 
leopards,  and  panthers  are  numeroua  throughout  the  continent ; 
servaU  and  viverrine  cats  inhabit  the  torrid  districts ;  and  the  lion 
of  the  Atlas  lias  ever  been  considered  the  most  formidable  of  canu- 
voroua  animals.  In  no  country  are  foiea  so  abundant.  Tariona 
species  inhabit  Nubia,  Abyssinia;  and  about  the  Cape  of  Good 
Hope  we  find  the  lion,  leopard,  and  the  serval.  A  long-eared  fox 
of  nocturnal  habitH,  the  Fennec  of  Itruce,  found  from  the  Cape  of 
Good  Hope  to  Kordotan,  is  peculiar  to  Africa.  Iliere  are  alto 
various  species  of  doga,  the  hynna,  and  the  jackal.  The  hyxnaa 
huut  in  packs,  attack  the  lion  and  panther,  and  end  by  deatroyiBg 

'  'Adnsturei  in  Eqtuterial  Afrlos'  1S61. 
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Two  genera  of  Edentata  are  African — the  long-tailed  Mania  of 
several  species,  and  the  Aard-vark,  or  earth-hog ;  the  first  is  covered 
with  homy  scales,  the  latter  with  coarse  long  hair ;  they  burrow  in 
the  ground  and  feed  on  ants.  Great  flocks  of  a  large  migratory 
frugivorous  bat  frequent  the  Slave-coast. 

Multitudes  of  antelopes  of  various  species,  lions,  leopards,  pan- 
thers, hyaenas,  jackals,  and  some  other  camivora,  live  in  the  oases 
of  the  great  northern  deserts ;  jerboas,  and  endless  species  of  rats, 
mice,  and  other  small  rodents,  burrow  in  the  ground.  The  dryness 
of  the  climate  and  soil  keeps  the  coats  of  the  animals  clean  and 
glossy ;  and  it  has  been  observed  that  tawny  and  grey  tints  are  the 
prevailing  colours  in  the  fauna  of  the  North  African  deserts,  not 
only  in  the  birds  and  beasts,  but  in  reptiles  and  insects.  In  con- 
sequence of  the  continuous  desert  extending  from  North  Africa 
through  Arahia  to  Persia  and  India,  many  identical  species  of 
quadrupeds  exist  in  those  countries. 

The  fauna  of  the  great  island  of  Madagascar  is  in  some  small 
degree  analogous  to  that  of  India,  thoagh,  as  far  as  it  is  known,  it 
seems  to  form  a  distinct  centre  of  animal  life.  It  has  no  ruminating 
animals,  pachyderms  or  large  Felidaa;  and  the  monkey  tribe  is 
represented  by  the  Lemurs,  the  Galagos,  and  Indris,  animals  cha- 
racteristic of  this  insular  fauna.  A  frugivorous  bat,  the  size  of  a 
common  fowl,*  forms  an  article  of  food ;  and  an  anomalous  animal, 
the  Cheiromys,  or  Aye-Aye,  intermediate  between  the  Lemurids 
amongst  the  Quadrumana,  and  the  Rodents,  has  only  been  found  in 
this  island. 

AMEBICAN  QUADBUFBDB. 

§  5.  America  is  probably  the  richest  zoological  province  in  the 
world,  possessing  nearly  600  species  of  mammalia,  of  which  480  are 
l)cculiar  to  it ;  yet  no  country  has  contributed  so  little  to  the  stock 
of  domestic  animals.  With  the  exception  of  the  llama  and  alpaca, 
the  turkey,  and  perhaps  some  varieties  of  dogs,  America  has  fur- 
nished no  quadruped  or  bird  serviceable  to  man,  while  it  has  re- 
ceived from  Europe  all  its  domestic  animals  and  its  present  civilised 
inhahitants. 

Arctic  America  possesses  most  of  the  valuable  fur-bearing  animals 
that  are  found  in  Siberia ;  and  they  were  very  plentiful  till  the 
unsparing  destruction  of  them  has  driven  those  yet  remaining  to 
the  high  latitudes,  where  the  hunters  that  follow  them  are  exposed 
to  great  hardships.  Nearly  2,000,000  of  skins  are  brought  annually 
to  England,  most  of  which  are  taken  in  the  forest  regions.  The 
Barren  Grounds  are  inhabited  by  the  Arctic  fox,  the  polar  hare,  the 
brown  and  the  white  bear,  a  formidable  animal  which  generally 
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livM  on  tha  ice  ilMlf.  The  reindeer  feeda  on  the  lichen*  and 
mosses  of  the«e  bureo  gtounds,  and  waoders  to  the  shores  of  the 
Pular  Ocean :  its  MUtheni  limit  id  Europe  ia  the  Baltic  Sea,  in 
America  the  latitude  of  Quebec.  Some  of  the  fur-bearing  quad- 
rupeds of  these  deserts  never  pass  the  65tb  degree  of  N.  Ut. ;  the 
greater  number  live  in  the  northern  fuiesls,  as  the  black  hear, 
racoon,  badger,  the  ermine  and  four  or  five  other  members  of  the 
weasel  tribe,  the  red  fox,  the  polar  and  brown  lynsea,  the  beaver, 
the  musquash  or  musk-rat,  of  which  half  a  million  are  killed 
anaually  for  their  fut,  and  the  elk  or  moose-deer,  whose  northern 
range  ends  where  the  aspen  and  willows,  its  principal  food,  ceue  to 
grow.  The  grizzi;  bear,  the  largest  and  most  ferocious  of  its  kind, 
inhabits  the  range  of  the  Rock;  Mouutains  as  far  S.  as  Mexico,  aa 
well  as  the  western  eavaonahs.  The  prairie-wolf,  the  grey  foi,  the 
Virginian  hare,  live  in  the  prairies ;  the  Wapiti,  the  largest  of 
the  deer  tribe  after  the  elk,  inhabits  those  on  both  sides  of  the 
Hocky  Mountains;  and  the  Prongbuck,  an  antelope  fleeter  than 
the  horse,  remarkable  fur  its  bifurcated  horns,  roams  tfaroi^hont 
the  western  part  of  the  continent,  and  migrates  in  winter  to  Cali- 
fornia and  Mexico.  The  Musk-Oi  and  Bison  are  peculiar  to  NtMh 
America.  The  musk-ox  extends  its  northern  migrations  to  Pany 
Islands  and  Itanks  lAnd  in  the  Arctic  regions,  yet  it  never  has  been 
scon  in  Greenland  or  on  the  north-western  side  of  the  continent. 
Ilxe  bison  is  met  with  as  far  8.  as  the  Arkansas,  and  rooms,  in 
herds  of  thousands,  over  Che  prairies  of  Che  Mississippi  and  on  both 
sides  of  the  llocky  Mountains.  It  seldom  wanders  farther  N.  than 
tbo  60th  parallel  of  latitude,  the  southern  limit  of  the  musk-ox. 
A  species  of  mannot  known  by  the  name  of  the  Prairie  Dog  is 
everywhere  to  be  met  with  in  the  great  plains  from  which  it  derive* 

There  are  at  least  eight  varieties  of  American  d<^a,  several  of 
which  are  natives  of  high  northern  latitudes.  The  Lagopus,  or 
Isatis,  of  Spitsbergen  and  Greenland,  is  found  over  the  Arctic 
regions  of  America  and  Asia,  and  in  the  Eurile  Islands.  Dogs  ore 
employed  to  draw  sledges  in  Newfoundland  and  Canada;  and  the 
Esquimaux  travel  drawn  by  dogs  as  the  L>apps  and  the  Finos  do  by 
reindeer.  These  dogs  are  strong  and  docile  ;  they  were  mote  till 
thej  learned  to  bark  from  European  dogs  in  our  discovery  ships. 

1'berc  are  13  species  of  ruminating  animals  in  North  America, 
including  the  bison,  the  musk-ox  of  the  Arctic  regions,  the  big- 
homed  sheep,  and  the  goat  of  the  Kocky  Mountains.  The  horse, 
now  roaming  wild  in  innumerable  herds  over  the  plains  of  Bouth 
America,  was  unknown  there  till  the  conquest  by  the  Spaniards.  The 
quadrupeds  of  the  temperate  tone  ore  distributed  in  distinct  groups : 
those  of  the  slate  of  New  York,  consisting  of  about  40  ■pacie«,  an 
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different  from  tbow  of  llie  Arctic  regions,  and  also  from  thow)  of 
South  Carolioa  and  Geoi^ia;  while  in  Texas  auother  auainblnge 
ofspecieii  prevnila. 

There  are  about  130  spociM  of  rodents,  or  f^nawios  animali,  iD 
North  Aiuerica — rata,  mice,  squiireU,  beftTors,  •!bc.-~-Bon3e  of  which, 
aipeciaUjr  in  the  N.,  ap|;ear  Ui  be  identical  trith  those  in  the  high 
latitndea  of  Europe  am!  Aaia.  The  genera  of  very  different  latitudes 
ue  often  TepreaentatiTes,  but  never  identical.  SqnirreU  abound  la 
North  America;  the  grey  «quirral  is  vorjr  abundant. 

About  30  apociea  of  the  genus  Opoaiura  are  oDumcratsd  aJi 
sxiating  in  this  continent.  Of  theu  the  Virginian  oposBuni  inhabits 
the  whole  extent  of  America  imm  the  Canadian  lakes  to  Paraguay, 
and  also  the  West  India  lalanda,  where  it  is  called  the  Manicou  ; 
and  two  Dthea'  species  uf  the  tribe  live  in  Mexico.  There  is  a 
potouiHDe  in  the  United  States  and  Canadian  foresta  which  climbs 
traes ;  and  others  of  the  same  genua  are  found  in  South  America. 

The  high  land  of  Mexico  fonna  a  very  decided  line  of  demarcatioit 
between  the  fauna  of  North  and  South  Amoricn ;  yet  some  North 
Amsrican  animala  are  met  with  beyond  it,  particnlarlj  two  bears 
and  au  ott«r,  which  iuhabita  the  continent  from  the  Icy  Ocean  to 
beyond  Brazil.  On  the  other  hand,  the  Puma,  Jaguar,  Opossum, 
Kinkajou,  and  Peocari,  have  crossed  this  barrier,  from  South  Americai 
to  CaliCbrnia  and  the  United  States. 

In  the  varied  and  extonHve  re^ons  of  South  America  there  are 
Hveral  centres  of  a  peculiar  mammalian  fauna,  according  as  the 
Dountry  is  mountainous  or  level,  covered  with  forest  or  grass,  fertile 
ur  deaeit,  but  the  animals  are  inferior  in  site  to  those  of  the  Old 
Worid.  Ths  South  American  quadrupeds  are  on  a  smaller  scale, 
mare  feeble  and  more  gentle ;  many  of  them,  aa  the  toothless  group 
iDoluding  the  Sloths,  are  of  anomalous  and  less  perfect  orjianixstion 
than  the  rest  of  the  mammalian  creation. 

The  monkey  tribe  exist  in  myriads  in  the  forests  of  tropical 
Americaand  Bra/.il;  but  they  are  met  with  in  small  nuiobera  to  the 
N.  of  the  Isthmus  of  Daricn,  and  not  farther  S.  than  the  Bio  de  1& 
PkU.  Tbej  differ  widely  bom  those  in  the  Old  World,  being 
hrtber  removed  from  the  human  form ;  but  they  arc  more  gentle 
and  lively.  Notwithstanding  tbeir  agility,  they  are  often  victims 
to  birds  and  beasts  of  prey. 

There  are  two  principal  groups  of  American  monkeys— the  Sapa- 
joua,  with  prehensile  tails,  by  which  they  suspend  themselves  and 
awing  from  bough  to  bough ;  some  of  these  inhabitants  of  tbe  woods 
are  very  noisy,  especially  tbe  Araguato,  a  largo  ape  whose  howling 
is  heard  a  mile  off.  Thu  Hnwicni  ore  generally  very  lorgu,  and  have 
a  wider  nu^e  than  nay  uthers  of  the  genus;  one  species,  the 
ifycdifM  ru/itnantts,  or  Ueekebub,  asoends  the  Andes  to  the  height 
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of  11,000  feet.  The  Cebue,  or  Weepers,  which  are  frequentlj  broaght 
to  Europe,  beloDg  al«o  to  this  family  ;  the  genus  bu  a  greater 
Dumber  of  species  than  an;  other  monkey  of  the  New  World,  but  a 
rery  nanxiw  location  to  each ;  they  are  inottt  abundant  in  Ouiana. 

Squirrel-monkeys  and  Hanuoeets  form  the  ■econd  group  of 
Americau  moDkeys.  They  inhabit  the  banks  of  the  Orinoco,  and 
the  forests  of  Brazil.  I'he  Marmoseta  are  pretty  little  *nimaU, 
easily  tamed,  espMially  the  Uidas  leoaina,  not  more  than  seveD  or 
eight  inches  Iodji;. 

The  forests  are  also  iuhabited  by  Opossums,  a  ^enus  of  the  mar- 
supial order,  who  carry  their  younj;  in  pouches;  they  are  somewhat 
analogous  to  the  race  of  animals  that  form  the  distinguishing  feature 
of  the  Australian  fauna,  but  of  entirely  distinct  geneia  and  speciea. 
Some  of  these  animala  are  no  lar^r  then  a  rat,  and  they  mceUy  live 
on  trees.  One  is  aquatic,  the  Chironectea,  resembling  a  small  otter, 
and  appears  to  be  only  found  in  the  river  Yapock  in  French  Guiana. 
A  species  in  Surinam  carries  its  young  upon  its  back.  All  tha 
OpoBsuma  and  the  ChironecUa  have  thumbs  on  their  hind  faet, 
opposable  to  the  toes,  so  that  they  can  grasp;  they  are,  moreorer, 
distinguished  from  the  Australian  marsupials  by  a  long  prehenaile 
tail,  and  by  greater  agility. 

five  genera  and  about  30  species  of  the  Edentata  are  chaiac- 
teristic  of  this  continent,  and  confined  to  South  America ;  they 
consist  of  the  several  Kpecies  of  sloths  ;  several  Armadilloes,  the 
Chlaniyphorua,  and  four  or  five  Uyrmecophagn  or  Ant-eaters.  I'he 
animals  of  these  genera  have  very  differeot  habits :  the  sloths,  aa 
their  name  implies,  are  the  most  sluggish  of  animals ;  they  inhalut 
the  forests  from  the  southern  limit  of  Mexico  to  Rio  de  Janeiro, 
and  to  the  latitude  of  the  region  of  Palms  and  Scitamineie,  as  high 
as  3000  feet  on  the  declivities  of  the  Andes.  The  Armadillo,  in  ita 
coat  of  mail,  is  iu  perpetual  motion,  and  can  outrun  a  man  in  spaed. 
They  live  ou  the  plains  of  South  America,  as  far  9.  as  Paraguay 
and  the  Pamjias  of  Buenos  Ayres,  The  one-banded  armadillo  roUa 
itself  up  like  a  ball ;  the  nine-banded  one  is  eaten  by  the  natives ; 
the  giant  anuailLllo,  tliree  feet  long,  inhabits  the  foresto.  Moat  of 
these  apecies  are  nocturnal,  and  burrow  in  the  earth  in  the  Pampas. 
I'he  ChlamyphoruB  is  also  a  burrowing  animal,  peculiar  to  the 
province  of  Meudoza  on  the  eastern  slops  of  the  Chilian  Andea; 
they  have  the  faculty  of  sitting  upright,  for  which  the  hinder  part 
of  their  scaly  armour  is  admirably  adapted.  I'he  great  or  msjied 
Antr-eater  (if.  Juhati),  larger  than  a  Newfoundland  dog  in  the 
body,  but  with  shorter  leg*,  defends  itself  against  the  jaguar  with 
its  (Kiwerful  claws ;  it  inhabits  the  swampy  itavannahs  and  damp 
forests  from  Venuiuela  to  Paraj-uay,  arid  from  the  Atlantic  to  (he 
foot  of  the  Andes;  its  fleisb,  like  that  of  some  other  American 
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animaU,  has  a  strong  smell  of  musk.  The  little  Ant-eater  (M. 
Tamandua)  has  a  prehensile  tail,  and  lives  on  trees  in  the  tropical 
forests,  feeding  on  the  larvs  of  bees  and  wasps,  honey,  and  antL 
The  cat  tribe  in  South  America  are  beautiful  in  their  coloois  and 
powerful  in  strength :  the  Puma,  called  the  Lion  of  America,  is 
found  in  great  numbers  both  in  the  mountains  and  the  plains.  So 
different  are  its  habits  in  different  places,  that  in  Chile  it  is  timid 
and  flies  from  a  dog ;  in  Peru  it  is  bold,  though  it  rarely  attacks  the 
human  race.  The  Jaguar,  which  inhabits  the  deep  tropical  forests, 
is  very  abundant,  and  so  ferocious  that  it  will  sometimes  spring 
upon  Indians  in  a  canoe ;  it  is  one  of  the  few  South  American 
animaU  that  extend  beyond  the  Isthmus  of  Panama,  being  found  in 
California  and  in  the  State  of  Mississipin ;  it  has  been  seen  even  as 
far  N.  as  Canada ;  offering  a  remarkable  analogy,  in  its  extensive 
wanderings,  with  the  Koyal  Tiger  of  the  Old  World,  which  as  we 
have  already  seen,  is  often  found  amidst  the  mountains  and  steppes 
of  Central  Asia  and  Siberia. 

The  only  ruminating  animals  except  the  deer  that  existed  in 
South  America  prior  to  the  conquest  were  the  four  species  of  the 
genus  Auchenia — the  Llama,  the  Alpaca,  the  Vlcufla,  and  the 
Guanaco:  the  first  three  are  exclusively  confined  to  the  colder 
and  more  elevated  regions  of  the  Peruvian  Andes ;  the  last  has  a 
wider  geographical  range,  extending  to  the  plains  of  Patagonia,  and 
even  to  the  southernmost  extremity  of  the  continent.  The  Llama 
inhabits  the  high  valleys  of  the  Peru-Bolivian  Andes,  its  favourite 
region  being  in  the  valley  of  the  lake  of  Titicaca :  it  was  the  only 
beast  of  burden  possessed  by  the  aborigines;  hence  we  find  it 
domesticated  wherever  the  Incas  carried  their  conquests  and  civiliza- 
tion, from  the  equator  to  beyond  the  southern  tropic.  It  is  still 
extensively  employed  by  the  Indian  as  a  beast  of  burthen,  and  its 
wool,  though  coarse,  is  used  by  the  natives  for  their  clothing.  Like 
all  domestic  animals,  it  varies  in  colour :  its  flesh  is  dark  and  dis- 
agreeable to  the  taste. 

The  Alpaca,  or  Paco,  a  gentle  and  handsome  animal,  although 
more  closely  allied  to  the  llama  than  any  of  its  congeners,  appears 
to  be  a  distinct  species :  it  lives  in  still  more  elevated  sites  than 
the  llama,  its  favourite  haunts  being  on  the  streams  descending 
from  the  snowy  peaks  :  it  is  only  found  in  a  domestic  state ;  it  is 
reared  for  its  wool,  which  is  extremely  fine,  silky,  and  long,  and 
which  now  bears  a  high  price,  from  its  introduction  into  some  of 
our  finest  woollen  tissues.^  The  Vicufia  is  only  found  in  the  wild 
state  in  the  plains  on  the  Andes,  as  high  as  15,000  feet ;  the  wool 


*  The  alpaca  has  been  introduoed  into  the  colony  of  New  South  W^al«g 
with  great  success. 
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ia  mnctt  prised  for  its  fineoegs.  lliU  animkl  hu  » ihriU  whiitle ; 
it  is  easily  tamed.  The  Guanaco,  by  some  DatimliHts  considered 
erruDeougly  as  the  parent  stock  of  the  llama  and  alpaca,  is  also  only 
found  in  the  wild  state :  it  extends  to  12°  S.  lat.,  is  very  abundant 
and  in  large  flocks  on  the  Bolivian  and  Chilian  Andes,  and  has  been 
seen  as  far  S.  as  the  Strait  of  Hagellan,  All  thusv  animalx  feed 
principally  on  a  species  of  coarse  wiry  grass  called  uJtu. 

Several  species  of  deer  are  found  in  the  tropical  regions  of  South 
America,  and  a  remarkable  one,  the  Ccrvus  Andium,  with  fragile 
hair  like  that  of  the  roebuck  of  Europe,  as  high  as  U,000  feet  in 
the  Andes. 

Among  the  Rodentia,  the  Agoutis  represent  oar  haree  in  tho 
plains  of  Patagonia,  in  Paraguay,  &c.,  and  extend  as  far  N.  as 
Guiana.  The  tribe  of  the  (Javias,  or  guinea-pigs,  are  found  in 
Brazil,  and  some  species  in  the  great  table-lands  of  the  Peru-Bolivian 
Andes ;  the  Echimys  or  prickly  rat,  is  an  inhabitant  of  the  banks 
of  the  Kio  de  la  Plata  and  Paraguay ;  the  Vizcacha  of  the  Pampas, 
a  burroning  animal,  inhabits  the  great  plains  of  Buenos  Ayrea;  an 
animal  bearing  the  same  name,  but  of  a  very  different  species,  is 
frequent  in  the  rocky  regions  of  the  Andes,  as  high  as  16,000  feet 
above  the  sea;  and  the  beautiful  Chinchilla,  nearly  allied  to  the 
latter,  whose  fur  is  so  highly  esteemed,  inhabits  the  same  r^ona, 
at  the  same  great  elevations,  in  the  Andes  of  South  Peru,  Bolivia, 
and  Chile :  the  beat  fur  of  the  chinchilla  is  collected  in  the  Bolivian 
province  of  Potosi,  and  in  the  Chilian  province  of  Copiapo.  The 
largest  of  all  the  rodentia,  the  Capybara  (Myopotamus),  inhabits 
the  banks  of  the  great  riven  of  tropical  America,  where  its  habits 
resemble,  according  to  some  travellers,  those  of  the  hippopotamus. 
The  Paca,  the  next  iu  size,  is  less  aquatic  in  its  habits,  and  Uvea  in 
the  dense  forests  of  Brar.il  and  Paraguay. 

It  is  very  remarkable  that,  in  a  country  which  has  the  mort 
luxuriant  vegetation,  there  should  not  be  one  native  species  of 
hollow-horned  ruminants,  as  the  ox,  sheep,  goat,  or  antelope ;  and 
it  is  still  more  extraordinary  that  the  existing  animals  of  South 
America,  which  are  so  nearly  allied  to  the  extinct  inhabitants  of 
the  same  soil,  should  be  so  inferior  in  siie  not  only  to  them,  but 
even  to  the  living  quadrupeds  of  South  Africa,  which  is  com- 
paratively a  desert  as  regards  its  vegetation.  The  quantity  of  vegeta- 
tion iu  Brazil  at  any  one  time  exceeds  the  quantity  of  an  equal 
area  in  the  inlcrioroflJouthAfricavery  considerably,  yet  Hr.  Darwin 
has  computed  that  the  weight  of  10  of  the  largest  South  African 
quadrupeds  is  24  times  greater  than  that  of  the  same  number 
of  quadrupeds  in  South  America;  for  in  South  America  there  is 
no  animal  of  the  size  of  a  cow,  so  that  there  is  no  relation  between  the 
bulk  of  the  species  and  the  vegetation  of  the  countries  they  inhabit. 
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The  krgMt  KnimaU  indigenouB  in  the  Woet  India  Islandi  arc 
the  Agonti,  the  llacoon,  the  Hoiitia^,  a  native  of  the  forestn  of 
Cuba;  the  rami Vdrous  Didelphi  aod  the  KinkHJou  a 
them  and  to  the  coDtincnt ;  the  Kinkajou  ii  a  aolitaty  it 
lal  with  B  prcbeonle  taiL 


AfSTRal.IAN  QUADRUPKOS. 

{  8.  Australia  is  Dot  further  separated  rroin  the  rest  of  the  iKoiA 
hj  geographical  position  than  by  it«  fanna.  Its  animals  are  crea- 
tures apart,  of  an  entirely  «f  parole  ly|>i.> ;  they  are  few  aa  reganls 
•peciei,  awl  utill  fewer  as  to  iudiTiduals,  if  tbo  vast  extent  of 
country  be  taken  into  consideration ;  and  there  has  not  been  one 
Urge  animal  dlvcoveied  in  it.  'I'bero  are  only  about  60  spetriea  of 
terrestrial  mammHlia  in  Australia,  and  there  U  not  a  sinj^le  oiamfde 
of  the  ruminating  or  pachydernintous  animals,  bo  umful  to  mu, 
■moog  them.  There  are  no  native  horses,  oxen,  or  sheep ;  yets]! 
iheBB  thrive  and  multiply  on  the  grassy  steppes  of  the  country, 
which  seem  to  be  au  well  Ri)iU<d  to  them.  There  are  uouo  of  the 
monkey  tribe  ;  iudewl,  rhey  could  not  exist  in  a  rounlry  where 
there  is  scarcely  any  fruit. 

Of  the  species  of  indlKeoous  qiiikdnipeds,  nearly  all  are  confined 
to  thin  continent,  and  by  for  the  (rreater  number  are  marsupial 
•nimals,  distinguished  from  all  others  by  their  young  being  as  it 
were  prematurely  bom  and  nourished  In  the  pouch  till  they  (tra 
able  to  fare  for  themselves,'  Though  ail  the  membem  of  ttiis 
nomcrous  family  agree  in  this  circiimstatice,  they  are  dissimilar  in 
H|ipeamnce,  internal  structure,  in  their  teeth  and  feet,  consequently 
in  their  habits ;  two  genera  live  on  ve^table  food,  one  group  an 
gnawers,  and  another  entirely  deprived  of  teetb.  The  kang&noo 
and  the  kangaroo-rat  walk  on  their  hind  logs,  and  advance  by 
bounds,  spiiugin<;  from  iheir  strong  tail ;  the  kangaroo-rut  bolda  its 
food  in  its  paws  like  the  squirrvl ;  the  phalan^ers  live  on  trees,  and 
awing  by  their  bushy  tail — some  burrow  in  the  sand;  the  flying 
opossum,  or  Potaumi,  peculiarly  an  Austmlian  animal,  lives  at  tfae 
foot  of  the  Blue  Uuunlalns,  ou  the  leaves  of  the  gum-tree;  by 
expsndinjt  the  skin  of  Its  sides  m  a  (xirachute,  it  supports  itself  in 
the  )ur  iu  its  leaps  fWini  bough  to  bough.  Several  of  the  genera  are 
nocturnal,  a  characteristic  of  many  Australian  animals. 

The  pouched  tribe  vary  in  size  from  that  of  a  lai^  di^  to  a 

t  ihsD  150  apecics  of  llriag 

Iwalfth  of  al]  the  mammalu. 

;  th«  fuur  other  &inllia)  art 

uid  the  Imlioa  Arcliipvli^u, 
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mnuse ;  the  kangaroos,  i*hich  are  the  lu^est,  are  eaiily  dome«- 
ticated,  and  are  used  for  ri>od  by  the  natives.  Some  go  in  large 
herds  in  the  moimUins,  others  live  in  the  plains  ;  howevr,  they 
hav«  become  scarce  near  the  British  colonies,  and,  with  all  other 
native  animals,  are  likely  to  be  soon  eitirpaled.  In  Tasmaaia  they 
are  less  {icrsecutGd  ;  several  species  exist  there.  The  kangaroo* 
are  more  widely  dispersed  than  any  of  the  tnarsupial  animals  of 
Australasia.  Thej  exist  not  only  in  Australia  and  I'aatnania,  hut 
also  in  New  Guinea.  I'he  bandcil  kangaroo,  the  handsomest  of  his 
tribe,  is  found  only  in  the  islands  in  Shark  Bay,  on  the  W.  coast  of 
Xew  South  Wales.  The  wombat  ia  peculiar  to  Australia,  the 
islands  in  Bass  Strait,  and  Tasmania ;  to  which  the  two  largest 
camivoroiia  marsupials  peculiarly  belong,  called  by  the  natives 
the  Tiger  Hjiena  iThyiacinut)  and  the  native  Devil;  both  are 
nocturnal,  predatory,  and  fierce,  A  wild  dog  living  in  the  woods, 
whose  habits  are  ferocious,  is,  with  the  tiger  hyiena,  the  largest 
carnivorous  animal  in  Australia, 

The  gnawing  animalu  are  aquatic  and  very  peculiar;  but  the 
Munotremata  of  Australia  are  quite  anomalous,  and  peculiar  to  the 
country ;  of  these  there  are  two  genera,  the  Omithurhyocbus,  or 
duck-billed  mole,  and  the  Echidna:  they  are  the  links  that  con- 
nects the  Edentata  with  the  pouched  tribe,  and  mammalia  with 
oviparous  animals,  I'he  Omithorhynchus  is  about  14  inches  long, 
and  covered  with  thick  brown  fur ;  its  skull  is  similar  to  that  of  a 
quadniped,  ending  in  a  bill  like  that  of  a  duck  :  it  has  short  furry 
legs  with  half-webbed  feet,  and  the  bind  feet  are  armed  with  claws 
and  a  sharp  xpiir,  the  wounds  from  which  are  dangerous.  It  inhabit* 
burrows  on  the  banks  of  rivers,  which  have  two  entrances,  one 
above,  the  other  below  the  level  of  the  water,  which  it  seldom 
leaves,  feeding  on  insects  and  seeds  in  the  mud. 

The  Echidna  is  similar  in  its  general  structure  to  the  ornitho- 
rhynchus,  hut  entirely  different  in  external  appearance,  being  covered 
with  spines  like  the  )x)rcupine ;  it  is  also  a  burrowing  animal,  sleeps 
during  winter,  and  lives  on  ants  in  summer, 

A  singular  analogy  exists  between  Australia  and  South  America 
in  this  rcs))cct,  that  the  living  animals  of  the  two  countries  are  of 
the  same  forms  and  types  as  the  extinct  races  of  their  iohabitanlo, 
many  of  which  are  gigantic  representatives  of  the  now  compara- 
tively diminutive  eitsting  animals ;  while  in  the  Old  Continent 
the  difference  between  the  existing  and  e:itinct  forms  of  beings 
is  decidc<l.  Australia  and  South  America  seem  still  to  retain 
some  of  those  conditions  that  were  pi'culiar  to  the  most  ancient 
geological  eras.  Thus  each  tribe  of  the  innumerabli!  families  that 
inhabit  tlie  earth,  the  air,  and  the  watera,  has  a  limited  sphers. 
How  wonderful  the  quantity  of  life  that  now  is,  and  the  myriads  of 
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COKDinOH,   AKD  PR0§PHTT8   OF   THS   BDHAH   BAGS. 

S  I.  Number  ind  diTcnit;  of  th»  hamui  binil; ;  itt  diriiion  iita  di  gnt 
virietie*;  tfae  Caucaiiu  groap;  the  Mongol-Tutir  gronp ;  H*l*ytn 
group;  Auitnluim  group;  EthiopUn  gronp;  Amrrjan  group.  J  3. 
UitiguHgt ;  it*  dcTetspmcnt  with  the  prognu  ot  ■  utioD ;  its  TUictiM, 
kfliDitiu  betwHD  lugnago  indicating  ■  common  origin  ;  utreatillOD* 
chancier  of  Iscguage.  g  3.  Enropeui  utiou,  their  ethaologiol  reUtiotu, 
— Teutoiu,  Celts,  ud  Sclnvoaiuu ;  dialectx,  changei  ia  Englutd  ;  mu-ked 
dlfferentM  between  ncei  u  to  religion.  $  i.  Diieraitj  of  form  ud 
colonr  in  the  human  ia«.  {  S.  Fleiibilitj  of  the  hnmu  conatitntion 
faroanble  to  diffution  of  man;  relation  of  food  to  climate;  cooitut 
renewal  of  the  bodilf  liunea;  effect  of  menial  cultiTation  on  tbe  coun- 
tenance;  permanent  characten  of  the  human  (peciei.  $6.  Centrea 
afciviliulion;  their  dependence  do  animal  and  vegetable  diitribntion ; 
mignitioni;  effect  ormounlaln-chaini  on  character  of  population.     {  7. 

S  S.  Domeiticatian  of  animali;    equlllbriam  of  nature;  demiiution  of 
the  whole  earth  b;  man ;  condnaion. 

S  1.  More  tliao  1,000,000,000'  of  hunuu  beioge  ue  scattered 
over  the  face  of  the  earth,  in  all  gtagea  of  civilization,  from  a  high 
state  of  moral  and  intellectual  culture,  to  savageB  but  little  above 
the  animals  that  contend  with  them  for  the  dominion  of  the  desert* 
and  forests  through  which  they  roam.  This  vast  multitude  it 
dividcil  into  natious  and  tribes,  differing  in  external  appearance, 
character,  lan^age,  and  religion,  llie  manner  in  which  they 
ate  dialributcd,  the  affinitiea  of  structure  and  language  by  which 

■  The  population  of  the  world  wag  thui  eitimated  in  18SS : —  Sgnan  UOe*. 

Europe        265,398,000,  acatterad  oTer    3,768,000 

Alia 652,500,000,  „  16,915,000 

Africa         60,000,000,  „  1 1 ,376,000 

America      57,359,880,  „  15.8*0.000 

Auatnjuia,  inclDding 

New  Zealand..       ..  500,000,  „  3,038,000 

Polpie.ia,nnknown..  „  1.170,000 

1,035,757,680  Sq.  Hllo  52,107,000 

Keith  Johuton'i  •  Phy*.  Atlaa,'  in  M.  1856. 
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they  are  connected,  and  the  effect  that  climate,  food,  and  costoma 
may  have  had  in  modifying  their  external  forms  or  their  moral 
and  mental  powers,  are  subjects  of  much  more  difficulty  than  the 
geographical  dispersion  of  the  lower  classes  of  animals,  inasmuch  as 
the  immortal  spirit  is  the  chief  agent  in  all  that  concerns  the 
human  race. 

The  human  family  consists  of  six  great  groups,  marked  by 
distinctive  characters.  Many  nations  and  sub-varieties  are  included 
in  each  ;  distinguished  from  one  another  by  difference  of  language, 
manners,  and  mental  qualities,  yet  bearing  such  a  resemblance  in 
general  physiognomy  and  appearance  as  to  justify  a  classification 
apparently  anomalous. 

I'he  Caucasian  group  of  nations,  which  includes  the  handaomest 
and  most  intellectual  portion  of  mankind,  inhabit  all  Europe,  except 
Lapland,  Finland,  and  Hungary ;  they  occupy  Northern  AfHca,  as 
far  as  the  20th  parallel  of  N.  latitude,  Arabia,  Asia  Minor,  Persia, 
the  Himalaya  chain  to  the  Brahmapootra,  all  India  between  these 
mountains  and  the  ocean,  and,  by  recent  migration,  the  various 
States  of  America,  lliese  nations  are  remarkable  for  a  beautifully- 
shaped  head,  regular  features,  fine  hair,  and  symmetrical  form.  The 
Greeks,  Georgians,  and  Circassians  are  models  of  perfection  in  form^ 
especially  the  last,  which  are  assumed  as  the  type  of  the  Caucasian 
variety ;  of  which  it  is  evident  that  colour  is  not  a  characteristic, 
since  they  are  of  all  shades,  from  the  fair  and  florid  to  the  dear 
dark  brown  and  almost  black.  This  family  of  nations  has  always 
been  and  still  is  the  most  civilized  portion  of  the  human  race.  The 
inhabitants  of  Hindostan,  the  Egyptians,  Arabians,  Greeks,  and 
Romans,  were  in  ancient  times  what  European  nations  are  now. 
The  cause  of  this  remarkable  development  of  mental  power  is 
no  doubt  natural  disposition,  for  the  difference  in  the  capabilities  of 
nations  seems  to  be  as  great  as  that  of  individuals.  The  origin  of 
spontaneous  civilization  and  superiority  may  generally  be  traced  to 
the  talent  of  some  master-spirit  gaining  an  ascendancy  over  his 
countrymen.  Natural  causes  have  also  combined  with  mental ; 
mildness  of  climate,  fertility  of  soil;  rivers  and  inland  seas,  hj 
affording  facility  of  intercourse,  and  favouring  enterprise  and  com- 
merce, the  double-river  systems  in  Asia  having  brought  distant 
nations  together,  and  softened  those  hostile  antipathies  which  sepa- 
rate people,  multiply  languages,  and  reduce  all  to  barbarism.  The 
genius  of  this  family  of  nations  led  them  to  pro6t  by  these  natural 
advantages ;  whereas  the  American  Indians  are  at  this  day  wander- 
ing as  barbarous  hordes  in  one  of  the  finest  countries  in  the  world. 
An  original  similarity  or  even  identity  of  many  spoken  languages 
may  be  adverted  to  as  having  facilitated  communication  and  mental 
improvement  among  the  Caucasian  variety  in  very  ancient  times. 
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The  MoD^l-Tartar  races  form  the  gecood  gtawp  of  Datioiu. 
They  occupy  all  Asia  N.  of  the  I'eraian  table-liuid  and  of  the 
HiiiialayAs ;  Dearly  the  whole  of  eastern  Asia  from  tho  Brahmapootn 
to  Bchring  Strait,  together  with  the  Arctic  regions  of  America  N. 
of  Labrador.  This  family  incluilcs  the  Turkomans,  Mongol  and 
Tartar  tribes,  the  Chinese,  Indo-Chinese,  the  Esiiuiniaui,  aod  the 
Hungarians,  now  located  in  the  very  heart  of  Europe.  Hieaa 
nations  are  diatiuguished  hy  broad  pkuUs  and  high  chcek-bonea, 
Biiiall  black  eyes  obliquely  set,  long  black  hair,  and  a,  yellow  or 
sallow  olive  comptexiou ;  some  are  ^'ood-looking,  and  maDjr  are 
well-made,  A  jcrtion  of  this  family  is  capable  of  high  cultrue, 
esi)ecially  the  Cliinese,  the  moat  civilised  people  of  eastem  Asia, 
alihou):li  they  never  have  attained  the  excellence  of  the  Caucasian 
gruuji,  probably  from  their  exclusive  social  system,  which  baa 
sc|iamte<l  them  from  the  rest  of  mankind,  and  kept  them  stationary 
for  ages ;  the  peculiarity  and  difficulty  of  their  language  have  also 
tcude<l  to  iusulate  them.  The  Kaltnuks,  who  lead  a  pastoral  and 
waudering  life  on  the  ste|>pes  of  central  Asia,  and  the  Esquimaux, 
have  wider  domains  thau  any  other  of  this  group.  The  Kalmuka 
are  rather  a  handsome  people,  and,  like  all  who  lead  a  savage  life, 
have  acute  senses  of  seeing  and  hearing.  The  inhabitants  of  Fin- 
land  and  I^apland  arc  nearly  allied  to  the  Kequimaui,  who  are 
si>read  over  all  tho  high  latitudes  of  both  continents— a  diminutive 
race,  equally  ugly  in  face  and  form. 

The  Ihinl,  or  Malayan,  group  occupy  the  Malayan  Peninsula,  and 
the  wesliTii  portion  of  the  Indian  Archij'elago,  together  with  the 
Philipjiiues  and  Formosa ;  and  a  sub-variety  or  section  of  the  race  ia 
spread  i)ver  cigtetQ  and  ceuttal  Polynesia,  from  the  Sandwich  group 
to  New  Zealand ;  this  variety  in  physical  structure  and  temperament 
seems  a  miiture  of  Papuan  and  Malay.  T'he  Japanese  are  also 
supjiowd  to  lieanolTshuotof  the  Malayan  stock,  who  have  migrated 
iu  prehishiric  times  from  the  Indian  Archipelago  to  their  present 
homes.  The  ruling  race  of  Madagascar  also  belongs  to  the  Malay 
slock.  The  Malayans  are  of  hruwn  complexion  of  skin,  with  long 
coarse  black  hair.  Bat  faces,  and  obliquely  set  eyes.  Endowed  with 
gn'at  iii'tivity  and  ingenuity,  they  are  mild  and  gentle,  and  far 
udviirii'i'd  in  the  arts  of  soi'ial  life,  in  some  places;  in  others 
li-rr«:ic.us  and  vhidiclive,  during  and  predatory ;  from  their  maritime 
|i-».it':<>u  and  skiW,  they  are  a  migratory  race.  Several  blanches 
of  [liis  group  (if  uiitiims  hail  a  very  early  indigenous  civilization, 
with  ail  original  literature  written  in  iiceuliar  characters  of  their 


'J'he  fourth  great  section  of  the  human  race  has  been  si 
;la.s.s.-.i  with  the  M.ilayan ;  this  includes  the  Papuans,  or  inhabitants 
il'  Xeiv  Uuiuea  and  neighbouring  ishinJs  as  far  to  the  K.  as  the 
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tlji  or  Titi  gmu]i,  uid  the  AuttrnUsns.  They  dificr  ^m  the 
Malays  by  tbeir  darker  skiu,  thi*  criKti  anil  liuahy  nature  of  their 
luir,  ami  Uiuir  mora  Bgicreauvts  dtrmuiutrative,  and  lively  dispod- 
tioiu.  Many  of  the  tribes  of  ceotnl  and  •outheni  Australia  and 
the  Tasmauiaiis,  who  aro  nnw  nearty  extinct,  are  amongxt  ibt  most 
degraded  of  mankind,  uid  tliey  offer  many  (winta  of  differtmce  IVom 
tliD  Papuans.  ItemnanU  of  a  duk-akinncd  and  curly-headed  not 
allied  to  the  preieut  are  found  in  the  Nogritos  of  the  Ptiilipptnea, 
the  i^emangg  of  Malacca,  and  in  the  Andaman  iHlandeni.  It  is 
alao  probahle  that  (tevcral  of  tlio  liill-trilHM  in  the  jiroTincea  E.  of 
the  liny  of  Bengal,  and  in  Southern  India,  are  so  many  isolated 
rcmiMiils    uf   tbia    once    widely   Bprcad   Miction    of   the    humui 

The  Gflh  group  of  nations  (the  Ethiopian)  arc  nidely  dispeisM  : 
they  occQpy  all  Africa  S.  of  tlio  Great  Desert,  and  a  largic  portion  of 
the  ialand  uf  Madagascar.  X''^  distin^ii^hiui;  eliarnctera  are,  m 
hlaok  skin,  with  woolly  or  frixxlol  hair,'  thick  li[i«,  projecting  jaws, 
high  cheek-bonM,  and  largo  prominent  eyes.  A  great  variety,  how- 
ever, exiEta  in  this  Jolty  mce  :  tome  are  handnome  both  in  foaturea 
and  fignre,  especially  in  Ethiopia ;  and  ovon  in  wcMleni  Africa, 
where  the  Negroes  live,  there  are  tribes  in  which  the  diBtinotiTe 
characters  are  leas  exaggerated.  This  great  family  has  nut  yet 
attained  a  hi^h  place  in  civiliEation,  though  by  do  means  incapable 
of  cultivation ;  part  of  Ethiopia  appeani  to  have  made  considerable 
progreas  in  very  ancient  times.  But  the  formidable  deserts,  ao 
extensiTe  in  acmiii  )iart8  of  the  continent,  and  the  insalubrioiu 
climate  in  others,  have  cut  off  intercourse  with  civilized  natiotig  ; 
and  the  infamous  traffic  in  slaves,  to  the  disgrace  of  Christianity, 
has  rendered  the  inhabitants  of  tropical  Africa  more  barbarous  than 
they  were  before ;  while,  on  the  contrary,  the  FonUhH  and  other 
tribes,  who  were  converts  to  Mohammediinisni  400  years  a^o, 
possess  now  large  cornniorcial  towns,  cultivated  [grounds,  and 
schools. 

Tlie  xlxth,  or  American,  group,  who  occopy  the  whole  of  the  new 
continent  from  62°  N.  lat.  to  the  Strait  of  MagolUn,  are  almost  all 
of  a  reddish  brown  or  copper  colour,  with  long  black  hair,  bUck 
eyes,  aquiline  nose,  and  often  of  handaomc  slender  forms.  In  North 
America  they  live  by  hunting,  are  avene  to  agriculture,  slow  in 
acijuiiing  knowledge,  but  extremely  auute,  brave,  and  fund  of  war. 


'  Wool  la  p«uli«r  to  qundrupedi,  tlie  lislr  of  tho  negro  enly  r 
It.  Both  faHir  sod  wunl  cnmbt  of  n  trnnipureat  tube  or  thcath  contnii^iig 
a  wliile  or  colaured  pitii.  bat  the  thintti  uf  balr  i<  tmwth,  wliilit  that  of 
wool  i>  Dotcbed,  whicli  give*  it  the  f«lting  property, 
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and,  though  revengeful,  are  capable  of  generoMtj  and  gratitude, 
t^ma  tribea  in  Upper  Canada  are  becumiDg  civilized,  and  show  a 
disjioaition  ta  cultivate  the  earth  when  fumiahed  with  the  neccsMiry 
im|>leuient3.  In  South  America  many  are  half-civilized,  but  a 
greater  number  are  still  in  a  state  of  complete  barbarism.  In  a 
family  ao  widely  scattered  great  diversity  of  character  prevails,  yet 
throughout  the  whole  there  is  a  similarity  of  ninnners  and  habits 
which  has  resisted  all  the  effects  of  time  and  climate. 

Each  of  these  six  principal  varieties  of  the  human  race  consists 
of  numerous  nations  and  sections,  offering  a  large  anioiint  of  differ- 
ence amongst  themselves ;  and  the  difference  not  only  affects  the 
bodily  structure  and  features,  but  also  mental  characteristics, 
language,  and  deeply  rooted  habits.  It  is  sufficient  to  point  out  the 
obvious  differences  in  those  roapecta  between  the  Celtic  and  Teutonic 
nations  of  Europe  and  between  the  mild,  industrious,  town-building 
red-men  of  northern  Mexico  and  the  wild  Indians  of  the  plains,  the 
peculiarities  of  whoso  temperament  are  so  ineradicable  that  they 
become  extinct  before  civilization  acquires  any  influence  over  them. 
No  less  striking  is  the  difference  between  the  colossal  and  muscular 
Patagonian  and  the  dwarfed  ill-shapen  Fuegian,  his  near  neighbour ; 
and  yet  it  is  incontestable  that  all  these  belong  to  the  same  race  of 
American  red-men.  In  Africa  equally  remarkable  is  the  difference 
between  the  degraded  Bushman  and  Hottentot  and  the  active,  war- 
like Caffre,  or  the  Mahommedan  Negroes  of  the  western  Sou<)an. 
It  is  probable,  however,  that  the  intermixture  of  two  primary  varie- 
ties has  had  much  to  do  with  the  production  of  some  of  these 
varieties.  No  doubt,  people  of  the  Semitic  section  of  the  Caucasian 
variety  have  from  time  immemorial  iDtermin<-led,  in  northern  and 
eastern  Africa,  and  in  the  Valley  of  the  Nile,  with  the  northern 
natious  of  the  Negro  type.  Some  Egy|)tolugists  have  suggested  that 
the  ancient  Egyptians  were  a  mixed  race  formed  of  the  union  of 
Semitic  nations  with  Ethiopians.  The  world-old  cnstom  of  domestic 
slavery  has  also  had  much  to  do  with  the  mixture  of  races ;  the 
oonquerorB  interbreeding  with  their  captives.  This  must  have 
prevailai  eitenaivety  in  south-western  Asia,  and  it  lias  also  pro- 
bably caused  an  interblending  of  the  Mongol  race  with  various 
nations  of  the  Caucasian  race  in  the  plains  of  Turkestan,  from  the 
borders  of  the  Caspian  to  the  desert  of  Oobi.  From  these  various 
considerations,  it  is  not  surprising  that  it  is  difficult  to  fix  definite 
boundaries  to  the  chief  varieties  of  the  human  race,  or  to  a]>ply 
characters  which  shall  be  i>eculiar  and  common  to  all  the  nuIk 
divisions  of  one  and  the  same  variety. 

S  2.  More  than  'JOOO  languages  ate  sjioken,  but  few  are  indeji-n- 
dent ;  some  are  proved  to  be  varieties  of  one  stock  by  being  connected 
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by  wnrdti  havini;  the  tame  meaning,  utd  by  fnaanntiad  ttraet 
iudecil,  the  jwnu&avDcy  ut  InDj^uoge  is  to  grmt  that  neither 
of  cunquait  nor  luilili^  trilh  uthtir  naticnis  hnve   oblilersted 
native  idiom  of  a  peiiple.     The  French,  Spanish,  and  German  retain 
tracec  of  the  common  Ungni^  s^iokeii  beforo  tbo  Itomsn  conqnoet. 
Mid  the  Celtic  taagoo  still  exists  in  the  British  Islaoda. 

By  a.  compHrisoQ  of  their  dialects,  nations  far  apart,  and  differing 
in  erery  other  reipect,  are  discovered  to  have  sprang  from  » 
romnion  though  remote  origin.  Thna  all  the  numeroua  langoages 
spoken  by  the  American  Indians,  or  red  men,  are  umilar  in  gram- 
ntatical  structure :  an  intimate  analogy  exists  in  the  languages  of 
the  Esquimaux  nations  who  inhabit  the  arctic  regionH  of  both 
continents.  Dialects  o(  one  tongue  btd  8]>okcn  tbruuehoiit  North 
Africa,  u  far  S.  us  the  oasis  of  8inah  on  the  B.,  and  the  Canary 
Islsjuls  on  the  W.  Another  gronp  of  connate  idioms  is  coaunon  to 
the  inhabitanU  of  Equatorial  Africa,  while  all  the  southern  jiart  of 
the  continent  is  inhatiited  by  people  whoee  languages  are  connected. 
The  monosyllabic  speech  of  the  Chinese  and  Indo-Chinese  shoWA 
that  they  are  tbo  some  people ;  and  all  the  ioHular  nntious  of  the 
)'Hci6c  derived  their  dialecU  from  some  tribes  on  the  euDtinent  of 
India  and  the  Indian  Archi^ielago,  Cognate  tongues  are  sjiokea  by 
the  TaMors,  Mancbus,  Fins,  Laplanders,  many  of  the  Siberian 
tribes,  and  by  the  Hungarians.  The  Syro-Arabian,  or  Somltitj, 
languages,  a»  the  Cliatdee,  Arabic,  and  Hebrew,  are  evidently,  from 
their  grumuuititnl  cunstruction,  of  the  same  origin. 

'I'he  Persian,  Uniek,  Latin,  German,  and  Celtic  tongues  are 
connected  by  grammatical  structure,  and  words  expressive  of  the 
same  objects  and  feelings,  witfa  the  Sanscrit,  or  sacred  language  of 
India;  consequently  the  nations  inhabiting  that  vast  extent  of 
country  from  the  mouth  of  the  Ganges  to  the  British  Isles,  the 
coast  of  Scandinavia  and  Iceland,  are  concluded  to  iiave  hod  the 
same  origin.  The  original  stock  of  this  most  highly  endowed 
family  of  nations  is  now,  by  common  pnuseul,  tenned  Aryans, 
and  their  original  scat  is  Ihouretically  Hiei)  as  having!  been  in 
the  highlands  of  scuth-wesbirn  Asia  between  Armenia  and  the 
Himalayas. 

Notwithstanding  the  number  of  allied  tom^ieii,  all  attrmpts  to 
trace  them  to  a  commou  origin  have  failed,  which  evidently  provos 
that  each  race  fomiod  Its  own.  The  formation  of  Innguago  is 
adduced  by  Mr.  Crawfurd  as  one  of  the  many  facts  which  attest 
the  high  antiquity  of  inivn,  "  I^oi'aage  is  not  innate,  but  adveti- 
Litious ;  a  mere  acqiiirerLjeut,  havin-;  its  origin  in  the  sujieriority 
the  human  nndcrsliindiniz,  like  any  other  acquinition  derived 
the  same  source.  Infants  are  vrithout  language ;  they  gradt 
B^uire  it  as  they  improve  in  intelligence.    Children  leam 
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laii):Dai;e  with  equal  facility ;  they  can  forget  their  mother  tongne 
and  learn  another.  Among  the  unquestionable  proofa  that  langui^;e 
is  nut  innntc  h  the  {irodigious  number  of  languaj^es  which  exist. 
some  with  a  very  uairow  range  of  articulate  sounda,  others  with  & 
very  wide  one  ;  suuie  words  confined  to  single  syllables,  and  others 
having  many;  socne  beinj;  of  very  simple  and  others  of  a  very 
complicated  structure."  Thus,  language  combines  with  geology  in 
bearing  testimony  to  the  vast  antiquity  of  the  human  race.  I'hat 
man  has  existed  on  earth  immeasurably  anterior  to  historical  record 
there  can  be  little  doubt,  since  no  absolute  date  can  be  assigned  for 
the  antiquity  of  the  historical  period  prior,  for  instance,  to  the 
establishment  in  the  valley  of  the  Kile  of  a  nation  so  highly 
advanced  in  civiiization  as  the  ancient  Kgyptians.  It  ia  obvious 
that  innumerable  centuries  are  required  for  the  slow,  s|>ontaueous 
growth  of  civiliwtions  like  that  of  the  Pharaohs.  Moreover,  the 
discovery  of  implements  of  boue  and  flint  in  caverns  under  con- 
ditions which  show  that  a  race  eijsteil  in  western  Europe  at  that 
remote  epoch  when  an  arctic  climate  reigned  in  central  France,  and 
the  reindeer  abounded,  places  the  great  antiquity  of  our  race 
beyond  a  doubt.  Nor  was  this  the  earliest  date  of  man's  existence, 
for  6int  implements  have  been  found  embedded  In  drift  beds  which 
were  dciiosilcd  at  an  early  epoch,  as  is  indicated  by  the  facts  that 
the  rivers  of  norihem  France  have  since  worn  down  their  valleys 
200  feet,  and  the  Solent  has  gradually  worn  through  its  [lassage 
between  the  Isle  of  Wi;;lit  and  Hamjisliire. 

g  3.  Tlic  prevailing  races  of  mankind  now  inhabiting  Europe  are 
the  Teut<inic,  Celtic,  and  ScUvoniati.  In  the  greater  part  of  the 
continent  these  races  are  mixed,  but  the  blood  is  purely  Teutonic 
through<iut  Iceland,  Scandinavia,  round  the  Gulf  of  Bothnia,  in 
Denmark,  Germany,  and  the  E.  of  England  from  Portsmouth  to 
the  Tyne.  Pure  Celtic  blood  Is  confined  to  the  Ilasque  provinces  in 
Sjain,  the  S.  and  S,\V.  of  France,  a  i«rt  of  the  Grisons  in  Switzer- 
land, and  the  western  parts  of  the  British  Islands.  The  Sclavonian 
bloiid  is  widely  disjierwil  in  middle  Russia,  from  the  Ural  Mountains 
to  the  W,  of  tlie  Valdai  table-latid,  and  from  Kovogonxl  to  the 
countries  bonlering  on  the  lower  course  of  the  Don.  The  three 
races  have  been  much  improved  by  mixture,  in  appearance,  cnei^, 
and  versatility  of  mind. 

At  present  the  Teutonic  race,  including  the  inhabitants  of  North 
America  and  the  British  colonies,  considerably  outnumbers  the 
Celtic,  though  far  inferior  in  ancient  times.  The  Teutonic  variety 
has  subduod  and  even  exterminated  the  other  varieties  in  its 
progress  towards  the  W. ;  it  is  undoubtedly  the  most  vigorous, 
both  in  body  and  mind,  of  all  mankind,  and  seems  destined  to 
conquer  and  civilize  the  whole  world.    It  is  a  singular  fact,  «hKJLr 


«8 


PHYSICAL  QEOGRAPnT. 


Ca*p.  3 


over  Hie  cnuse  amy  Ik,  thnt  the  CclM  arc  invnriably  Roman  Cittfai 
nliile  tlie  Teutonic  popnUtion  is  iuclinod  to  Prol^stantian,  whi 
['«iut<M]ueDtly  will  go  on  incressing  in  ita  spread  over  tbo  trorid  n 
llii'  intellectual  race  that  proroues  it. 

Variiius  other  races  inhabit  Europe,  inferior  in  nuiobars  to  thtt 
nWve  mentioned,  thoagh  occaxionally  mixed  with  them,  u  t 
Turks,  Fins,  the  Swnojwlea,  who  lire  on  the  shores  of  ihfl  Whtt» 
8ea  and  in  the  N.K.  of  Russia,  and  the  Bungarianit,  the  hl):her  claw 
of  whom  am  a  fine  race  of  men,  and  on  a  par  with  (he  moat 
civUued  of  the  European  nations.'  There  aro  niany  niiiud  Tar 
tribes,  uliieQf  in  the  9.  and  E.  of  the  Russian  territories ;  also  Jm 
and  Oipffles,  who  live  among  all  nations,  yet  mis  little  i ' 


■B  romoli!  r^ions  i 


:  haa  in  misd  thst  Europ*  h*d  b*«ii  inhabt 
Uc  Iribei,  cnius(|Ui!iitl)-  H)msarthciDhabilai 
t  prolwblj  the  atwriginn  of  th«  conutry. 


'   EUBOFEA?!   FOPCLiTIOJr. 

rwt  Blood. 

Tintnnie      Sa,OOO,0<V) 

EktlirDoiiui 50,000,000 

Ollic la,000,000 

Magyar       9,000,000 

Fiiu  aul  Suuojidaa 8,000,000 

Tsrtnr  in  South  Kiuata      3,000,000 

Jew* 3.000.000 

Ti'tal  EurgpMB  pa|>uUtluB  nf  pure  blool  l»i>,mXi.O0O 

ISixtd  Blood  i%  Europe. 

TeiitiHilo^lIklDGront  BriUiDuiillnliuid  33.000,000 

TentOBic-SclaTotiuiii 6,000,000 

Tsntoaic,  pun  and  miud  with  Wsllooaa. 

ID  Bilgium 1,200,000 

TaatDDlcKnrthTnen  in  NonDMulf  lud  other 

urtaorFnnco       1,500,000 

Celtic  in  it>  dilTeniit  Tariitie*  in  Francs, 

Spain,  Partu^.  Italr,  nod  tiiTltEerland  56,000,000 

SclavDnUn  In  German  j,  IkihGmSa,  WaliachU  6,000.000 

Utton. ,.  3,000.000 

Turin 4,000,000 

Turco-Tartar-SulsTonie   in    centre,  soath- 

emt,  and  eiul  of  Kumla          3,600,000 

Kalmnii,  between  the  Vulgi  and  Oral      ..  300,000 
The  number  of  iwoptn  of  Biii«d  blood  In 

Earopa 101,600,000 

Th»  total  populallnD  of  Europe,  pare  and  mixed,  HnoDuU  Id  aboat  960  ti 
limu.  including  abont  2,'J3u,UUU  Jewi.     The  Teutonic  populalit 
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The  inhabitants  of  Great  Britain  are  of  Celtic  aod  Teutonic 
origin.  The  Celtic  blooil  is  purest  in  Qjmnall  and  the  Scilly 
IglaiHlfl,  in  Wales,  and  the  lale  nf  Man :  in  tlie  highlands  of 
Scotland  and  the  Hebrides  it  is  more  mixed  than  is  generally 
supjiosed,  as  plainly  ap^iears  from  the  frequency  of  reii  hair  and 
blue  eyes.  In  sonic  parts  uf  Ireland  there  is  pure  Celtic  blood,  but 
throughout  tliu  greater  part  o(  that  country  it  is  mixetl,  although 
the  Celtic  character  predominates ;  but  in  I'Ister,  where  the  earliest 
colony  settled,  the  blood  is  Teutonic.  In  Ireland  the  dilTerence  in 
the  organization  of  the  two  races  is  stronjily  marked :  placed  under 
the  same  circumstances  the  Teutonic  ]iart  of  the  population  has 
pniepercd,  irhich,  unfortunately,  has  not  been  the  case,  to  the  same 
eitfnt,  with  the  Celtic. 

The  dialects  s|ioken  in  the  Celtic  districts  are  closely  allied  to 
the  Semitic  lan^inages  of  Asia,  and  to  one  another.  The  Cornish 
is  worn  out,  the  Manx  is  nearly  m,  and  the  Gaelic  is  declining  fast 
iu  the  Hebrides  and  highlands  of  Scotland. 

The  races  of  mnnkind  are  equally  distinguished  from  one  another 
by  their  religious  opinions.  Kuropc  is  Christian ;  Catholicism  is 
the  faith  in  the  S.W. ;  and  it  has  been  observed  that,  wherever  the 
8]iokeii  Inngua^  is  derived  fnini  that  of  ancient  Home,  the  creed 
of  modem  Itome  prevails.  In  the  K.  of  Kurope  the  Sclavonians 
are  of  the  Greek  Church,  and  in  N.  and  Central  Europe  the  people 
arc  I'rotestant.  From  the  Atlantic  along  the  nortlicm  coast  of 
Africa,  and  from  Ttirhey  in  Europe  through  Persia  to  India,  tlie 
inhabitants  are  for  the  mo^t  jiart  Moharumcdans  ;  Itrahiutnisni, 
Biiildhism,  and  other  forms  of  idolatry  prevail  through  the  rest  uf 
the  Asiatic  continent. 

In  the  central  States  and  the  British  provinces  of  North  America, 
the  great  proivirtion  of  the  population  ia  Protestant;  Mexico  and 
a  large  portion  of  South  America  are  nominally  Catholic ;  and  the 
rest  of  the  southern  continent,  with  a  few  exceptions,  is  in  the 
lowest  state  of  liarlnrism. 

g  4.  KthnulogistH  are  not  at  ]>resent  in  accord  regariling  the 
origin  of  the  varieties  of  the  human  race.  A  desultory  diiicuasion 
has  lieen  earned  on  for  many  yearn  on  the  question  whether  man 
had  one  mily,  nr  many,  oririns  ;  or,  as  it  is  generally  put,  whether 
there  are  one  or  many  sjiccies  of  the  genus  homo.     In  the  absence 
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of  im;  definition  of  tho  temi  flpvcioe,  and  uf  explanation  of  whftt  is 
DudetstutKl  by  "uriitin,"  Huch  disciuuiuuii  cuu  bi-ar  liui  liitlc  Emit, 
ADid  in  tact  they  are  injuriima  to  tbe  best  interests  uf  u'ieuoe,  ma 
diverting  ilie  attentiuu  from  (he  iuvBg^gatiuu  uf  ihv  v&um«  vhicll 
have  pnxluced  tbo  itlfferencea  between  iiatioDB  and  nu-m.  No 
problenu  m  bintogical  science  seeni  farther  fn>m  soliitioo  than  the 
CBiuci  of  the  dintniit)'  in  form,  colour,  raontol  disixwition,  and  bo 
furtli,  uf  mankind.  Muuy  infltmicax  have  ixicuiTed  in  modem  tinus 
of  albinos  and  n<il-hair(>d  childreu  hitvin|[  bt-on  bum  of  blut-k  iMreatS, 
and  these  have  transmitted  their  pecalinriticB  to  their  dv?««ndaDts 
for  Bcveral  geaeratioDs ;  bnt  it  i«  ortrcmtly  doubtful  wiieihw  pure- 
bliDoded  white  paronta  have  produced  a  block  offspring  The 
varieties  ate  much  more  likely  to  have  arisen  from  the  effects  of 
cUmshi,  food,  cuatoina,  and  civilization  upon  migratory  ^mpM  of 
mankind ;  and  uf  Buch,  a  few  initanccw  have  ocourmi  in  hiaturioal 
timea,  limited,  however,  to  aiuall  numbers  and  jiartiuular  ipota; 
but  tiic  icnM  mass  of  nations  had  rceeived  their  distinctive  charactera 
at  a  very  early  period,  for  them  ia  no  instance  on  record  of  a  new 
variety  having  been  oitabllsh«l  as  a  nation. 

Other  oanses  thau  the  bud  must  have  been  combined  to  oM'S^n 
all  the  varieties  we  now  see,  otherwise  every  nation  between  the 
tropics  would  be  of  the  same  hue,  whereas  the  sootynepro  inhabits 
equatorial  Africa,  the  red  man  equinoctial  America,  and  both  are 
mixed  with  fairer  tribes.  In  Asia,  the  liohiUaii.  a  fair  race  of 
AIT;iluia  extraction,  inhabit  the  plainn  N.  of  the  Ganges;  the 
Bonxaloe  and  the  mountaineers  of  Nepaul  are  dark,  and  the 
Mahmtlna  arii  yellow.  Tho  complexion  of  man  varies  also  with 
height  almve  the  sea  and  the  latitude  of  the  region  he  lives  in ; 
Miuc  of  the  inhabitants  of  the  Himalaya  and  Hindoo  Ruosh  an 
fair,  and  even  a  red-haired  race  is  found  on  the  latter.  There  aie 
fait^haircd  people  with  blue  eyes  in  the  Ituddhua  mountaina  in 
Africa.  The  Kabylos,  that  inhabit  the  country  behind  Tunis  and 
Algiers,  are  similar  in  comfilexiun  to  the  nations  in  uurthem 
latitudea.  This  correspondence,  however,  holds  good  only  with 
n^ard  to  the  northern  hemisphere,  for  it  is  a  well-known  iaet 
that  tho  varieties  of  the  numerous  species  in  the  soulliem  con- 
tinents are  much  more  similar  in  physical  charnctccs  U)  the  native 
races  uf  the  torrid  xune  than  any  of  the  aboriginal  people  of  the 
northern  regions.  Even  suppuning  that  diversity  of  colour  is  owing 
to  the  sun's  rays  ouly,  it  te  scarcely  possible  to  attribute  to  them 
the  thick  lips,  the  woolly  hair,  and*  the  diOerence  of  fonn,  extending 
even  X"  the  hones  and  the  skull. 

I  o.  The  flexibility  of  man's  constitution  enables  him  to  lire  in 
every  climate,  from  the  equstor  to  the  ever-fro£en  coasts  of  Novaia 
Zemlia  and  tjpitzbergen,  and  that  chiefly  by  hia  capability  of 
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bearioK  the  most  estreiue  changes  of  temperature  and  diet,  which 
are  jirubably  the  prii)ci|>Bl  causes  of  the  variety  in  his  funn.  It  haa 
already  beeci  mcatiooed  that  oxyjicu  ie  inhaled  with  the  atmo- 
spheric air,  and  also  taken  in  hy  the  pores  in  the  skin ;  part  of 
it  combiocs  chemically  with  the  carbon  of  the  food,  and  ie  ex- 
pired iu  the  form  ot  carbonic  acid  gas  and  water ;  and  that 
chemical  action  is  the  cause  iif  vital  fuK-u  and  heat  in  inan  and 
animals.  I'he  quantity  of  food  must  be  in  proportion  to  the 
quantity  of  oxygen  inhaled,  otherwise  disease  and  loss  of  strength 
would  \>e  the  consequence.  Since  cold  air  is  incessantly  carryiag 
off  wanntli  from  the  skin,  more  esereise  is  requisite  in  winter 
than  in  Hummer,  in  cold  ctiniates  than  in  tvarm  ;  consequently 
more  carbon  is  necessary  in  the  former  than  in  the  latt«r,  in 
order  to  maintain  the  chemical  action  that  generates  heat  and  to 
ward  oH'  the  destructive  effects  of  the  oxyticn,  which  is  iaccHsantly 
at  work  in  conHumin^  the  body.  Animal  food,  wine,  and  spirits 
cuntain  more  carlwn  than  fruit  and  vegetables,  therefore  they  are 
much  mure  necessarj'  in  a  cold  tlian  in  a  hot  climate.  The  Esqui- 
maux, who  Lives  by  tlie  chacc  and  cats  10  or  12  pounds  of  meat 
and  fat  in  2i  hours,  finds  it  nut  more  than  enough  to  keep  up  his 
strength  and  animal  heat,  while  the  indolent  inhahitant  of  liengal 
is  sufficiently  supplied  with  liuth  by  his  rice  diet.  Clothing  and 
warmth  render  the  necessity  for  exercise  and  food  much  leas  by 
diminishing  the  waste  of  auiiual  heat.  Hunger  and  cold  united 
soon  ci>[isume  the  body,  because  it  Iohcb  its  power  of  resisting 
the  action  of  the  oxygen,  which  consumes  part  of  our  sulistaoce 
when  foul  is  wanting.  Hence  luitions  inhabiting  warm  climates 
have  no  great  merit  in  bein^  abstemious,  nor  can  those  be  cou- 
■iderud  guilty  of  committing  an  excess  who  live  more  freely  in 
aJder  countries.  The  arrauiieinent  of  Divine  Wisdom  is  to  be 
Mlinired  in  this  as  in  all  other  things,  for,  if  man  hail  only  been 
eagnble  of  living  on  vi^etable  food,  he  never  could  have  had  a 
permanent  residence  beyond  the  latitude  where  cc^n  rii>ons.  The 
Esquimaux  and  all  the  inhabitants  of  very  high  latitudes  of  both 
continents  live  entirely  on  lish  and  animal  food.  What  effects 
the  dilVen-uce  of  food  may  have  u[>on  the  intellect  it  is  difficult  to 
determine. 

A  nation  or  tribe  driven  by  war  or  any  other  cause  from  a  warm 
to  a  cold  country,  or  the  contrary,  would  be  forced  to  change  their 
food  both  in  quality  and  quantity,  which  in  the  lapse  of  ages  misiht 
produce  an  alteration  in  the  external  form  and  internal  structure. 
The  pnilshitity  is  still  greater  if  the  entire  change  that  a  few 
years  produce  in  the-matt^ir  of  which  the  human  frame  is  composed 
be  considered.  At  every  Instant  during  life,  with  every  motion, 
voluntary  and  involuntary,  witli  every  thought  and  every  exerciaa 
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o!  the  hrnin,  a  pcirtion  of  our  auliKtanco  bocomw  doai),  septntM 
from  the  liring  porl,  tombines  wilh  wmie  of  the  inhal<Mi  oxygtn, 
and  i«  removtui.  By  this  process  it  is  8U|>poswl  ilint  the  whole 
body  is  renewed  every  Heven  years ;  indivjdiitility,  thi-n-rurt',  depends 
on  the  spirit,  which  retAins  its  identity  <)urin<;  all  the  chaugea  of 
ita  earthly  house,  and  sometiniea  eves  ncli  indepeiidi<ntly  of  it. 
Wh«D  sleep  is  restoriog  eshaustcil  nitutc,  the  spirit  is  nfion  awaJM 
■nd  Bctire,  orowding  the  events  of  years  iuto  a  few  seconds,  and 
by  it*  uncuuscioDsnest  of  time  Hntict|«tes  eleniity.  Every  chanj^ 
of  food,  vliDU>t«s  And  ineDtal  excitement  must  hare  its  infiuenca 
on  tlie  retsv>duction  of  the  mortal  ftvme;  and  thus  a  thousand 
causes  may  co-operate  to  alter  whole  mccs  of  roaakiiid  placed  under 
new  circumstances,  time  being  panted. 

The  diflerenoe  between  the  eflectsof  manual  labour  niu)  the  efforts 
of  the  brain  appears  in  the  intellectual  countenauM  of  the  eilucat«d 
man,  compared  with  that  of  the  peasant,  though  eveik  bo  isorca~ 
lionally  siaiupnl  with  nature's  own  nobility.  The  most  lav^e 
people  arc  also  tlie  t]Kli(^>  Their  countenance  is  deformed  by  violent 
unsubdued  passions,  aniioty,  and  suffering.  Deep  seniubility  girea 
a  bcinitifiil  and  varied  exprfissinn,  but  every  stroni;  emotion  is 
nnfavourahlc  to  pnrfrct  regularity  nf  feature ;  and  of  thai  the  Greehs 
were  wi-U  aware  when  they  gave  that  cnlmiieaa  of  expression  and 
repose  to  their  unrivalled  sculptuni.  The  refining  eflwts  of  hi^ 
culture,  by  subiluing  the  evil  passions  and  encotirsginjc  the  good, 
are  more  than  anything  calculated  to  im|Hnve  even  the  extenul 
appearance.  The  countenance,  though  iieriiaps  of  less  regular  funn, 
becomes  expressive  of  the  amiable  and  benevolent  feelings  of  the 
heart,  the  most  captivating  and  lastinj;  of  all  beauty.' 

Thus  an  infinite  assemblage  of  cnuses  may  be  assi^ed  as  bavisg 
produced  the  endless  varieties  in  the  human  race :  the  fact  remains 
an  insotutable  mystery,  the  more  so  as  the  permanency  of  type  is 
one  of  the  most  striking  circumjitBtices,  and  proves  the  length  of 
time  necessary  to  produce  a  chauge  in  nnturul  vtructure  and  colcmr. 
The  national  appearance  of  llio  Ethiopians,  Penrians,  and  Jews,  haa 
not  varied  for  mure  than  3000  years,  as  appears  from  the  ancient 
Bgyl'tion  {laintings  in  the  tomb  of  Hhamses  the  Qreat,  discovered 
at  The)>es  by  Bekoni,  in  which  the  countenances  of  the  raodera 
Etfaiojuan  and  Persiau  con  be  readily  recognised,  and  the  Jewish 


«  of  the  Pneglniix  brooKht  to  England  in  1830  hf 
CipUin  FitiRuY  Im^ruveil  grcstlf  in  eipreuion  bv  Ifaair  IntcrFaune  with 
civiliied  men,  bnt  Ihej  hail  nnt  ratDi-Ded  to  their  uvufti  bnthren  more 
tbsD  ■  jmr  before  tbeir  wbolc  sppeuunce  wu  efiiii|i1etely  cinogKl;  the 
looli  of  intelligence  they  bud  uctjulreil  wu  gone :  mil  whva  C(im|>trpil  with 
likmiuet  tbnt  bod  been  tiken  uf  them  wbgo  ia  iuigliuiil,  Ihiy  were  oat  t* 
bs  Kcngni««1  «a  the  lemt  penuiu. 
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features  and  colour  are  identical  with  those  of  the  Tsraeiites  daily 
mot  with  in  the  streets  of  IiOndoii.  1'he  uoaltcrcd  state  of  the  two 
former  may  i>erhaps  he  attributed  Ui  the  unchanged  circumstancea 
and  climate  in  which  they  have  lived;  not  so  with  rejianl  to  the 
Jews,  who,  though  they  have  become  fair  id  some  parts  of  Europe, 
retain  a  iieminnency  of  type  not  to  be  mistaken, 

§  G.  It  is  supposed  that  the  si'ftts  of  the  cadiest  diflcemible 
civilizations  were  the  mountainous  [larts  of  the  continents,  whence 
the  divers  tribes  descended  and  difTtised  themselves  gradually,  as 
geological  causes  permitted  the  low  lands  to  be  habitable,  so  that 
the  diffusion  became  an  index  of  geological  clianges. 

Animals  and  vegetables,  l)cing  the  sources  of  man's  sustenance, 
have  had  the  chief  influence  on  his  destiny  and  location,  anil  have 
induced  him  to  settle  in  those  parts  ol  the  world  where  he  could 
procure  them  in  greatest  abundance.  Wherever  the  chace  or  the 
Bpontane<ius  iiroductions  of  the  earth  supply  him  with  food,  he  is 
completely  savage,  and  only  a  degree  further  advanced  where  he 
plants  the  palm  and  the  banana ;  where  grain  is  tlie  principal  food, 
industry-  and  intelligence  ore  most  perfectly  developed,  as  in  the 
tein|ierale  ^oue.  On  that  account  the  centres  of  civilization  have 
generally  Uwn  determined,  not  by  a  hot,  but  by  a  genial  climate, 
fertile  soil,  by  the  vicinity  of  the  sea-coast  iir  great  rivers,  affording 
the  means  of  fishing  and  transport,  which  last  has  been  one  of  the 
chief  causes  of  the  superiority  of  Eurojie  and  Southern  Asia.  The 
mineral  treasures  of  the  earth  have  bl-eu  the  means  of  assembling 
large  masses  of  men  in  Siberia,  on  the  table-land  of  the  Andes,  in 
California,  Australia,  and  British  Columbia,  and  have  given  rise  to 
many  large  cities  both  in  the  Old  and  the  New  World.  Nations 
inhabiting  high  ungenial  latitudes  have  often  been  driven  there  by  . 
war,  or  obliged  to  wander  from  cotmlrics  where  the  ]>opulatioii 
exceeded  the  means  of  existence— a  cause  of  migration  to  which 
both  language  and  tradition  bear  testimony.  'Ilio  belief  in  a  future 
state,  so  universal,  shown  by  respect  for  the  dead,  has  no  doubt 
been  transmitted  from  nation  to  nation.  The  American  Indians, 
driven  from  their  hunting-grounds,  still  make  pilgrimages  to  the 
tombs  of  their  fathers  ;  and  these  tribes  alone,  of  all  uncivilized 
mankind,  worship  the  Great  Spirit  as  the  invisible  God  and  Father 
of  all. 

It  is  prolable  that  America  was  peopled  from  Asia  before  the 
separation  of  the  continents  by  Behring  Strait,  or  at  any  rate  at  ao 
epixrh  when  a  milder  climate  existed  in  that  latitude  than  now 
prevails  there.  Probably  a  race  of  mankind  had  migrated  from 
France  to  llritain  before  the  English  Channel  was  formed :  and 
there  is  reason  to  suppose  that  the  location  of  various  races  of 
roaokind,  now  insulated,  may  have  taken  place  before  the  separation 
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of  tliu  IaiiiIs  Vi;  [nediterraDcno  teas  ;  whilst  othen,  pTeTJouslfM 
siiIsUhI,  ma^  be  now  united  by  the  drying  up  of  iiiUnd  t 
tboM  wbicb  covered  the  Saliarau  Desert  and  tlio  great  t 
rgitnd  Uie  Caspian  Sm,  uC  wLich  it  aiid  the  litack  i5t<a  are  I 
rumnants.  It  was  probably  at  that  period  that  NtirtJi  Africa  m 
peo|ilod  by  tribes  which  descended  from  tho  high  Unda  of  S 
gambia  and  Abywinia. 

From  th«  earliest  period  ot  lUe  peopling  of  tho  earth  by  n 
never  ceaeirjg  process  of  mit;rsliou  has  in  all  proliahility  been  g 
OD.  lu  Kuruiw  we  may  dimly  see  by  the  light  of  hiutory  aiid  tl 
signs  of  earlier  races  revealed  by  bunod  bones,  wcaponx,  aud  imple- 
■ncDts,  -that  vrave  after  wave  of  population  has  spread  over  the 
land ;  tho  earlier  race«  being  either  extcnnioatcal,  driven  into 
reinute  comers  of  tbe  4:ontinent,  or  amaigamatol  with  tbe  i 
coinen.  This,  it  is  &irto  assume,  has  been  the  case  ot 
earth.  Tbe  successive  re-pooplings  of  countries  and  contios 
cannot  have  been  efl'ected  without  [irolonged  life  and  death  si 
resulting  in  the  victory  of  tbe  more  vigorous  and  intelligent  n 
and  thus  a  population  of  higher  mark  than  the  preceding  oi 
time  ufW  time,  ovetii[iread  the  land.  Bow  tbe  new  invadera  h 
acquired  their  superior  qualitiea,  corporeal  and  mental, 
for  the  investigation  of  elhnologietH  and  pbiloeopheni.  Itia  prob* 
thoy  have  slowly  grown  in  limited  districts,  under  the  influenca  H 
favourable  local  conditions,  and  possibly  of  some  few  able  I 
happily  burn  among  Ihcm.  An  active  spirit  or  a  jnpulation  a 
growing  the  means  of  eutwietence  are  the  inceutives  to  mlgratU 
and  conquest;  the  improved  mce  Is  thus  widely  spread,  and  £ 
and  improved  developments  again  take  place  in  Limited  purtioi 
tbe  newly  peopled  area, 

M.  liooi  bas  observed  that  mouutain-chnins  running  nearly] 
and  W.  establish  much  more  striking  dilTerencts  among  c 
than  those  which  extend  from  N.  to  H. — a  circumstance  c 
by  observation  through  tho  history  of  mankind.  The  Scandinavi 
Alps  liavo  not  prevented  Hio  countries  ou  both  udes  from  b  ' 
occupied  by  people  (>{  a  common  descent ;  while  the  feeble  bi 
of  the  Cheviot  Hills,  between  England  and  Scotland,  and  I 
moderate  elevatim  of  the  Highland  mounlains,  have  [ireveitttf^ 
tbe  amalgamation  of  the  An^^lo-^^ons  and  the  Celta,  even  Jaj| 
period  of  high  civilization.  The  Franks  and  Belgians  are  distilig 
though  separated  by  hills  of  still  less  elevation.  For  tbe  ■ 
reason  tbe  Spaniards  and  Italians  difler  far  more  from  their  neij^ 
bours  on  the  other  side  of  the  eastern  and  weslem  chains  than  tl 
SpAuinrds  do  from  the  Portiigueae,  or  tbe  IlediuoDtese  from  t 
Provenjuls.  A  simitar  disLiuctiou  jirevails  throughout  Asia; 
in  America,  where  all  tlie  jniiici^isl  chains  run  N,  and  S.,  Ihera  fl 
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bat  one  copper-coloured  race  throughout  the  coDtiocDt,  which 
stretches  over  more  climates  than  Europe  and  Africa,  or  even  than 
Asia  and  Aiistralia  united.  It  is  in  general  along  chains  running  N. 
and  S.  that  the  fusion  of  languages  takes  place,  and  not  along  those 
of  an  easterly  and  westerly  direction.  From  Poland,  for  instance, 
there  are  intermediate  insensible  gradations  through  Germany  into 
France ;  while  in  crossing  front  a  Genuau  district  of  the  Alps  to 
the  valleys  of  Italy,  different  tril>c3  and  different  languages  are 
separated  by  a  single  mountain.  Even  wara  and  conquest  have 
ever  bcenlmore  eauy  in  one  direcliim  than  in  the  other.  The  dif- 
ference in  the  fftima  and  flora  on  the  two  sides  of  the  great  table- 
lands and  mouutainsof  Asia  is  a  striking  illustration  of  the  influence 
which  high  lauds  running  K.  and  W.  have  on  natural  productions, 
and  thus,  both  directly  and  indirectly,  they  affect  the  distribution 
of  mankind. 

The  circumstances  which  thna  determine  the  location  of  nations, 
and  the  fusion  or  separation  of  their  languages,  must,  conjointly 
with  moral  causes,  o]terate  powerfully  on  their  character.  The 
minds  of  mankind,  as  well  as  their  fate,  are  influenced  by  the  soil 
on  which  they  are  born  and  brc'l.  Tiie  natives  of  elevated  countries 
are  attache!  to  their  mountains ;  the  Dutch  are  as  much  attached 
to  their  nieailaws  and  canals ;  and  the  savage,  acquainted  only  with 
the  dlscomfort-s  of  life,  is  unhappy  when  brouglit  among  cIviUEed 
man.  Karly  associations  never  entirely  leave  us,  however  much 
our  jiOHitian  in  life  may  alter ;  and  strong  attachments  are  formed 
to  places  which  generate  in  us  habits  differing  from  those  of  other 

§  7.  The  I^altic  and  Meditciranean  Seas  have  had  no  inconslder- 
ahte  share  iu  civilising  Kuro[ic ;  one  cumbineil  with  a  cold  and 
gloomy  climate,  the  other  with  a  narm  and  gloninjc  sky,  have 
devcl«|ieil  dissimilar  characters  in  the  temperament  and  habits  of 
the  Nurrouniling  nations,  originally  dissimilar  in  race.  The  channa 
of  climate  nnU  the  ease  with  which  the  necessaries  of  life  are  pro- 
curctl  were  favourable  to  the  develo[inicnt  uf  Imagination  in  the 
more  tuiiiihern  nations,  and  to  an  iixlolent  enjoyment  of  their  ad- 
vantages. In  the  N.,  on  the  contrari',  the  task  imposed  ui>on  man 
was  lianler,  and  perhajis  more  favouralile  to  strength  of  character, 
Tlie  Ihitch  owe  their  industry  and  prrscveranco  to  their  unceasing 
stni'.'gle  against  the  encroachments  of  the  ocean ;  the  Uritish  are 
iiidcbtiil  to  their  Insular  position  for  their  maritime  character,  and 
to  the  small  extent  of  their  country  and  the  richness  of  their  mines 
fur  their  iiuuinfactnriiiE  and  culonixing  habits;  the  military  pro- 
pensities of  the  French  arc  owing  to  the  necessity  uf  maintaining 
their  inde|N-ndence  amung  tlic  surrounding  nations,  as  well  as  to 
anihitiun   and   the   love  of  fame.      I'hus   external  circumstances 
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materially  modify  the  character  of  nations,  but  the  original  pro- 
pensities of  race  are  never  eradicated. 

The  power  of  external  circumstances  over  man  is  not  greats  thm 
his  influence  on  the  material  world.  He  cannot  create  power,  it  is 
true,  but  he  dexterously  avails  himself  of  the  powers  of  nature  to 
subdue  nature.  Air,  fire,  water,  steam,  gravitation,  electricity,  his 
own  muscular  strength,  and  that  of  animals  rendered  obedient  to 
his  will,  are  the  instruments  by  which  he  has  converted  the  desert 
into  a  garden,  drained  marshes,  cut  canals,  made  roads,  turned  the 
courses  of  rivers,  opened  communications,  cleared  away  forests  in  one 
country,  planted  them  in  another,  and  compelled  the  dread  lightning 
to  bear  his  messages  through  the  air,  the  earth,  and  even  the  deep 
waters.  By  these  operations  he  has  altered  the  climate,  changed 
the  course  of  local  winds,  increased  or  diminished  the  quantity  of 
rain,  and  softened  the  rigour  of  the  seasons.  In  the  time  of  Strabo 
the  cold  in  France  was  so  intense  that  it  was  thought  impossible  to 
ripen  grapes  N.  of  the  mountains  of  the  Cevennes :  the  Rhine  and 
the  Danube  were  every  winter  covered  with  ice  thick  enough  to  bear 
any  weight.  Man's  influence  on  vegetation  has  been  immense,  and 
it  is  chiefly  through  his  tendency  to  cut  down  forest-trees,  the 
natural  clothing  of  the  land,  that  he  has  produced  the  greatest 
amount  of  change  on  the  surface  of  the  earth.  Forests  in  warm 
climates  are  essential  to  the  fertility  of  a  country.  They  act  as  ft 
regulator  of  the  annual  rainfall,  by  preventing  too  rapid  evaporatioii 
from  the  soil  and  creating  a  stratum  of  cooler  atmosphere  above  it ; 
the  effect  of  these  functions  being  that  the  amount  of  rain  falling  is 
moderated  and  spread  over  a  greater  number  of  days.  In  waim 
countries  like  Australia,  Arabia,  some  parts  of  Southern  Europe  and 
India,  districts  which  have  no  clothing  of  trees,  or  have  been  de- 
prived of  it  by  the  hand  of  man,  the  rainfall  descends  in  sudden 
deluges,  and  the  dry  seasons  are  excessively  prolonged.  Thus  the 
violent  rain-wash  prevents  the  accumulation  of  humus  or  fertile  soil, 
and  the  surface  of  the  earth  is  scorched  to  sterility  by  months  rf 
fierce  sun.  In  the  S.  of  France  the  deterioration  of  climate  by 
felling  the  timber  on  the  hill  slopes  has  been  distinctly  observed 
during  the  past  century,  and  legislative  enactments  have  been  found 
necessary  to  protect  what  remains  and  restore  what  has  been  lost^ 
It  is  probable  that  whole  countries  in  Asia  Minor,  Syria,  Meao* 
potamia,  and  Northern  Africa,  would  have  had  another  destiny  sinoe 
classic  times,  had  a  more  intelligent  practice  been  followed  legaiding 
the  forests  which  they  once  formerly  possessed.  Man  has  adapted 
many  natiutil  products  to  his  wants,  and  made  them  the  instrumoiti 


1  Consult  the  excellent  work  by  Mr.  G.  P.  Marsh,  ^Man  and  Kaiim* 
or  Physical  Geography  as  modified  by  Human  Action.' 
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of  his  advaDccmeiit.  Tho  olive,  the  rioe,  and  the  6g-treo  have 
been  culitTated  time  immemorial ;  wheat,  rice,  and  barley  have 
been  so  long  in  an  artificial  state  that  their  origin  Ib  unknown ; 
even  maize,  which  is  an  American  {>1ant,  was  in  use  among  the 
tril)ea  of  that  continent  before  the  S{>aniah  oonqucst ;  and  tobacco 
was  already  used  by  them  to  alhiy  the  pangs  of  hunger,  to  which 
tlioae  who  depend  upon  the  chace  fur  food  must  be  expiiHod.  Most 
of  the  ordinary  culinary  vc^tablca  have  been  known  for  ages,  and 
it  is  remarkable  that  in  these  days,  when  our  gardens  arc  adorned 
with  innumerable  native  phiiits  iu  a  cultivated  state,  few  new 
grains,  vegetables,  or  fruits,  have  been  reclaimed;  the  old  have 
been  produced  in  infinite  variety,  and  mauy  new  brought  from 

S  8.  Animals  yield  more  readily  to  man's  influence  than  vege- 
tables, and  certain  classes  have  greater  flexibility  of  disposition  and 
structure  than  others.  Those  only  are  capable  of  being  jierfectly 
reclaimed  that  have  a  natural  tendency  for  it,  without  which  man's 
endeavours  would  be  unavailing.  This  prcdis]>osition  is  greatest  in 
animals  which  are  gregarious  and  follow  a  leader,  as  elephant!, 
dogs,  horses,  and  cattle  do  in  their  wild  slate ;  yet  even  among 
these  some  s|iecips  are  refractory,  as  the  buffalo,  which  can  only 
be  regarded  as  half  reclaimed.  The  canine  tribe,  on  the  contrary, 
arc  ca]>able  of  the  greatest  attachment :  not  the  dog  only,  man's 
faithful  companion,  but  even  the  wolf  and  the  hyxna,  generally 
so  ferocious.  After  an  absence  of  many  months  a  hy.Tna,  which 
bad  been  the  fel low-passenger  of  a  friend  of  the  author  in  a  voyage 
from  India,  recognised  his  voice  before  he  came  in  sight,  and  on 
seein;;  him  showed  the  grentcst  joy,  lay  down  like  a  dog,  and  licked 
his  hands.  He  had  been  kind  to  it  ou  the  voyage,  and  no  animal 
forgets  kindness,  which  is  tho  surest  way  of  reclaiming  them. 
'Ilicre  cannot  be  a  greater  mistake  than  the  harali  and  cruel  means 
by  which  dogs  and  horses  are  too  commonly  trained;  but  it  U 
long  before  man  learns  that  his  |)owcr  is  mental,  and  that  it  is  in- 
tellect aliine  that  has  given  him  dominion  over  the  earth  and  ita 
inliabitants,  of  which  so  many  far  siiqiass  him  in  physical  strength. 
The  useful  animals  were  reclaimed  by  the  early  inhabitants  of  Asia, 
and  it  is  very  remarkable,  notwithstanding  Iho  enterprise  and 
activity  of  the  {iresent  times,  that  among  tho  multitudes  of  auimab 
that  inhabit  America,  Central  and  Southern  .Africa,  Australia,  and 
the  Indian  Archipelago,  four  only  have  been  domesticated,  yet 
many  may  be  capable  of  becoming  useful  to  man.  Uf  35  species 
of  which  we  possess  one  or  more  domestic  races,  31  are  nativea  of 
Asia,  Europe,  and  North  Africa ;  these  countries  are  far  from  being 
exhausted,  aii<)  an  entire  hemisphere  is  yet  but  very  partially 
explored.     An  attempt  has   been  made  lo  domesticate  the  llama. 
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the  dii^MAi,  Mbra,  and  rotue  specins  uT  Indiui  deer,  but  the 
BUCCBM  is  vi/ry  {iniblitinalJcal.  Little  Laa  licea  Icn  Tor  modtn 
nutioiu  but  the  impravotnent  of  [he  uprciM,  sutl  in  that  thtp  lutvs 
been  very  succrMful.  The  variety  of  horsvs,  Avgn,  cattle,  and  Bbeep, 
u  beyond  number.  The  form,  colour,  and  even  ti\t  difpoaitjtm, 
may  Iw  msteriAlly  altered,  and  the  babil«  trugniftcd  nre  transmitted 
to  the  uffiipriui;,  as  iiutinctive  propertlDa  indcpFQdeiil  of  education. 
Domestio  fowls  go  in  flocka  on  tliuir  native  niPods  when  wild. 
Tlifiru  are,  however,  instances  of  soUtiuy  blnlH  boiiiK  turned  to  ma 
cxtmordinary  drgroc,  as  tbe  nven,  one  of  the  moat  aagaL-iutu. 

Man's  tioouintiiM  and  eiijoyncota  huvo  been  tlie  caiise  of  grMt 
changn  in  the  aniiual  creation,  and  hia  dcstmctiTo  gimiieDrity  of 
still  greater.  A  fanner  lees  tfa«  rooks  jntcking  a  little  uf  his  grainr 
or  diggiufi  at  the  roota  of  the  springing  com,  and  puisuns  all  in  his 
Deii;hliuurhood.  A  lew  years  aflar  he  is  surpriMd  to  fiiul  hit  emp 
destmyed  by  gruba.  The  works  of  the  Cruat  ion  are  nicely  balaneMl, 
and  man  oanniit  iufrinjce  Uie  Uwa  of  njuilibrium  with  inipuiutjr. 
Innccts  woiUd  becoinv  tornieuls  were  they  not  kept  in  check  by 
birds.  Auinials  *ooD  acquire  a  ilroad  of  inau,  whli^h  becomes  in. 
Btlnctive  and  hi-roditaty :  in  newly  disooveR-d  uninhabited  caoDtrtM 
Linls  and  beasta  arc  so  tame  as  to  allow  tlieiiiMlvea  to  be.  caui;ht  • 
whales  scarcely  got  imt  of  the  way  of  the  shi)H  that  first  navigmt«d 
the  Arctic  Ocean,  but  now  they  nnlvnnuilly  have  a  dread  of  tba 
comnum  aneniy :  wlialos  and  seals  have  bucn  extirpated  iii  variotu 
placed :  sua-fowl  and  birds  of  |>asaaeu  are  not  likely  lo  be  eiUn- 
pushod,  but  mauy  land  ammals  and  birds  arc  disappearing  befors 
thv  advance  of  civilisation.  Drainage,  cultivation,  catting  down  of 
forests,  and  even  the  introduction  of  new  plants  and  nnimala, 
destroy  some  of  the  old  and  alter  the  relations  lietween  thusc  th»t 
remain.  The  iimccessible  cliCTb  of  the  Ulunlaya  mid  Andes  wiU 
alTord  a  refupi  to  the  eo'^le  aud  condor,  but  the  time  will  eotna 
when  the  luigjity  forests  of  Ithutiui,  of  the  Anrnw.n  and  Oiinoeo, 
will  divaiipear  with  the  myriada  of  their  joyous  iuhahitants. 

ITiis  lime  is  at  prcwut,  however,  extremely  reniolc.  It  is  tms 
that  the  proceen  uf  occupying  aud  rspltnishing  the  earth,  bj  th* 
■lunt  active  aud  resUess  section  of  our  K{>eciee,  is  advauciug  wiA 
acoelentiufC  rairidity.  All  the  ivmainin::  ueutral  part  of  one  of  the 
larcesl  continents  of  the  earth  is  now  fast  fiUiu;;  up  with  civlliud 
inhaUtants.  It  is  niappod  into  ttatca,  terriiMies,  and  countiw, 
and  a  lineof  iron  road,  over  which  ^nts  the  irrwistible  locomotive, 
tpons  tiio  wide  regiou  from  oceau  to  ocean.  A  migmi.iou  of  vaatriMa 
uubeard  of  before  in  the  history  of  the  glolie,  amounting  to  400,000 
aoule  per  annam,  streams  from  the  shome  of  Europe  to  this  raj^ly 
advancing  new  continent.  In  the  other  hemisphere,  too,  AiMtntUe 
and  Kew  Zealand  are  last  becoming  peopled  by  the  saint'  procvaa. 
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But  it  will  be  long  indeed  before  the  whole  of  the  fertile  land  of 
the  earth  is  occupied  by  a  prt^resaive,  civiliied  people,  llie  greftt 
interior  plains  of  South  America  alone  would  gnstaia  a  Inrger 
population  than  China,  and  at  preMDt  their  inhabitants  are  onlj 
in  the  proportion  of  one  to  four  square  miles  of  territory.  The 
enervating  climate  of  the  country  will  render  the  seltlemcnt  of  this 
great  region  by  the  Caucanan  race  an  extremely  slow  process.  The 
Hame  may  he  said  of  the  intractable  continent  of  Africa,  which 
possesses  a  wide  region  of  comparatively  healthy  upland  in  iU 
broad  interior,  but  which  offers,  in  the  deadly  climate  of  its  coast- 
lands,  a  fomiiilable  obstacle  to  the  occupation  of  the  better  tracts 
by  a  higher  race  than  has  now  the  poasesaion  of  the  land.  The 
natural  forest  clothing  of  a  great  portion  of  these  continents,  with 
its  myriads  of  curious  and  bMutiful  fonns  of  animal  and  vegetable 
life,  is  destined  probably  to  disappear,  and  man  alone,  with  his 
cultivated  plants  and  domesticated  animals,  will  occupy  the  place 
of  the  natural  tenants :  bnt  there  will  remain  many  a  rugged 
valley  in  the  lofty  mountain  ranges,  and  many  a  lea;^o  of  inac- 
cewible  nwamp  to  servo  as  a  refuge  fur  a  large  portion  of  the  native 
faunas  and  fluras.  We  may  hope,  moreover,  that  with  the  in- 
crease  of  wealth,  leisure,  knowledge,  and  refinement,  which  happily 
seems  a,  secure  prospect  for  the  long  vistas  of  the  future,  man  will 
endeavour  to  preserve  the  equilibrium  which  exists  in  the  meteoro- 
logical forcex  and  vital  conditions  of  countries,  when  in  their  natural 
state,  by  fostcrii^  a  due  proportion  of  woodland,  and  thus  save 
from  extinction  the  myriad  beauteous  forms  of  life  which  have 
shared  with  him  the  inheritance  of  this  wonderful  earth. 
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APPENDIX. 


TABLE  OF  HEIGHTS  ABOVE  THE  SEA 


REMABKASLE  POINTS  OF  THE  GLOBE. 


Alpa,  r. 

Monle  Kc«     .. 

MoQle  Cfrrin. 

.-  Mlttir 

FiniWnarhorn 

>>    B- 

Le  UCtDt  du  U. 

DUne   .. 

.,    P- 

MoQl  Vila        .. 

.,  c. 

Gnmd  I't.niJM 

MuDtPelToui.. 

,,    M. 

fieniiu   ..      .. 

,,     K. 

Oiieler^piU   .. 

,,     B. 

Lc  Gnnd  Kiobn 

■Hit 

..     *'■ 

,,   Car. 

UoUDt  Terglou 

,,     J. 

ej  of  Ihe  Alp)  :'— 
Col  of  the  Wdffithor       ..  A 

ColduGcaot 

Col  lie  St.  Thi>(idul« 
PwiorUic  Gt.  St.Bcrninl 
Furla   . 


14,705 
1-1,164 
14.026 
13,67* 
13,786 
12,957 
12,584 
13,300 
13.422 
13,294 
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H<^lg1.U 

CoaatilafD 

inEnglMi 

wtiich 

Anil 

FnrL 

P&voriheHonUHDit 

Alp^P. 

9.3W 

SvilMrLuid 

F.  & 

, ,        TniTBtirtte 

C 

9^27 

Ittly 

Col  .lellji  ndla        .. 

C. 

9.19S 

Col  <]»  FenStro     .. 

P. 

9,581 

Pn,- nf  the  Slelvio  .. 

R. 

9,177 

A.'s. 

Brnordiiio 

B. 

7,015 

lUly 

SpUigoi.. 

R. 

G.ft48 

. .         Si.  Golhard 

H. 

6.808 

SwitHTlKld 

s's. 

Hont  Onia 

(i. 

6.773 

lUlj 

P.S. 

SimploQ 

L. 

fi,378 

ColdiTfH*.    ..       .. 

M 

6.159 

Italy 

PuinftbeMoDtGcaem      ,. 

C. 

6,119 

J 

4.659 
3,G2S 

Ai^a 

! '.          I'onlebbi' 

11,168 

Pr«oe- 

STont  1'pi-du  P«lc  .. 

]0.99i 

A.  B, 

Mgl^iip.  Cvlimlerof 

10.899 

MiiUrlstln.      . , 

10,889 

10,820 

ricdu  Mirii    '.'.      .. 

930 

Cump)!!          

9,137 

rort.roo     ..    .. 

9,8t6 

,.   d'E-Wul*        .. 

PftUt 

8,402 

,.  ,l=V«u»qu.    .. 

o/th. 

7,9S0 

, ,  de  fiiTomie    .. 

Fyrcnm. 

7.fiM 

.,  djTourmiilet  .. 

■7,U3 

« "lit  Vent 0111 

fi.S'lS 

Fnnn 

6,1  H8 
6.093 

Plomh  du  ran'ul    '.'. 

MoiilM^ien    ..       ,. 

r.,795 

pOT-le-IXimf..       ,. 

4.80G 

Biiiloiiiie.  VofgM 

4,688 

Wul«l„iwn     ..      .. 
.Siirni  dc  Crrdos     .. 

11.42:1 
10,5.'>2 

Si^io 

Ksln-ll.i 

7J26 

SielfPi™«       

7.a-l4 

ri-llnLn»       

8,222 

Kl  fJ.iiior         ..       ..       

B,575 

Ry«. 

SIoiilp    Como,    or   U 

Gnn   Suv. 

nxn 

il'lliila      ..      .. 

10,206 

lUlj.  Ap«.. 

Sdrain 

»auto  Amnro  di  Hajell 

9.113 

MmirV-M-o..       .. 

7.831 

Di'pn 

Tfrmtnillofiniadii.. 
Momel'ImoDe        .. 
Jl™i  Amiata..       ,, 

7,212 

Schow 

mU 

App.] 
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Names  of  PUoes,  Mountelnt,  Ac 


•Vesuvius,   PudU    del   Pftlo,   Aug. 

1847 

Monte  Somma       

Monte  Cavo  (Mons  Lazialis) 


St.  Oreste,  or  Soracte 


Passes  of  the  Apennines : — 

Pass  of  the  Giovi   .. 
of  La  Bochetta 


» > 


of  the  Pietramala 


Islands  of  the  Mediterranean . 

Monte  Rotondo 

,,     d'Oro 

, ,     Qennargenta 

Mount  Ktna 

Pizzo  di  Cane 

Mount  Erjx 

Stromboli       


Greece  and  the  Morea : — 

Mount  Guiona       •• 

Parnassus      

Taygetus,  Mont  St.  Elias 
Mount  Olonas 

Kelmos 

Athos 

, ,     Helicon 

Delphi 

Mount  Hymettus  . . 


♦  1 
» » 


Central  Europe : — 

Ruska  Joyana        

BtttschetJ4>,  Transylvania 

Surnil 

Mount  Tatra,  highest  point    . 
, ,  Csabi  Peak 

, ,  Lomnitz  Peak  . . 

Kiesenkoppe,  in  the  Rieaengebirge 
Feldberg,  in  the  Schwanwald 


Belchenberg 

Kandelberg 

Schneeberg,  Rieseiigebit^ 


» ♦ 
1 1 


J  > 


Heights 

InEi^Ush 

FeeL 


Gbnntriesin 

whleh 

sitaated. 


3,947 
3,869 
3,130 

2,140 

•  • 

•  • 

Campagna 
of  Rome 

1,550 
2,550 
3,294 

Apennines 
» » 

•  • 

8,767 

8,701 

6,293 

10,874 

Corsica 

> » 
Sardinia 

Sicily 

6,509 
3,894 
2,687 


8,239 
8,068 
7,904 
7,296 
7,726 
6.778 
5,738 
5,725 
3,378 


9,912 
9,528 
9,593 
8,524 
8,314 
8,799 
5,394 
4,675 

4,642 
4,160 
4,784 


> » 


Lipari  Islet 


Greece 


£.  Carpaths. 


»•> 


Authorities. 


Chev.  Amanti. 
French  Surrey. 


»  T 


French  Survey. 
Schow. 


A.  B.  L. 

> » 
La  Marmora. 

W.  H.  Smyth. 

A.  B.  L. 

l>e  fiorch. 


Peytier.* 

» > 

» > 

» I 
De  Borvh. 


Peyter. 


> » 


W.  Carpaths.    Wahl«ibei^. 


» » 


» > 


> » 
Germany 


> » 

« ♦ 

» » 


lloren. 
French  Engi- 
neers. 


f  > 


Bohnenberger. 


I  (frights  detcrmfaicd  daring  the  French  expedition  to  the  Morea  by  OoloncLi  Fsytier 
nd  Boblaye.  and  published  in  the  *  Oonnaiaianoe  des  Temps '  for  1839. 
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^raunkof^K),  RiaMgpbtrgi) .. 
Ji^onomwerb^  ia  ihr  Engefatrp    .. 
Rididbei^,  in  the  B6tim«vild    .. 

SUlDbBf.  UoniTU        

BrlKkea.  Hui       

^^dmeeberg,  ja  the  Kichtc^bif^v  .. 
Blcsberg,  in  tlw  ThiiriiigcnraJd  .. 


Soneay  and  Sweden 


3,511 
S,S58 
3,t6I 
2,748 
a,Z31 
2,776 
3,034 


Slugtolitind 
Koldetiod 
Sognefjfld 
M  ugnaljdJ 
Sne«liet<«D    ■ . 
F>ijtal.n      .. 
GouiUfjeld     . . 
Suliljelma      .. 
Langljeld 
DovreQeld       . . 
Meldenhin     . .      . 
KolgcfaoiJ  GlKifT 
Lfngm  MomiUio* 

Grt-a  Brilaa  :— 

BcnSevu      

Cairotoul,  Aberd(«iuhire 


CrOH  Kell,  Combrriaod 
Helvfllj-n 
Skutdiw  ,, 

Schuimfr  leU,  rorbhirt 
Coniilon  Ftll,  I 


Pmllanaiiiil,  (!■.  Cum) 
Ciimin  TujI,  Hcrrj  .. 
SleiTC  Dunninl  ..  .. 
N«phiii,  Mrto  ..  .. 
Uoornt  MouDtaini,  Down 
Btnllon,  ItlcofUuU.. 


7,182  I 

7,215  I 
8,120 

fl.7SR  ' 


Dtrid. 
Zaeh. 
GoUfid 
Zad>. 


Hanbt 

Wahln 
HageUt 

Von  Bu 
ForbM. 


OnLSa 
Keitli. 
Ord.  Su 
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- 

HelRbt* 

GDUntrtHlD 

AlUbotllls. 

,    BwJ^UleofS.  UiM 

3.003 

HfbridB 

*    Cuchullin.  lileofSky. 

2,S»5 

.     Mount  KoDa 

3,593 

Sbe'tlaod 

Uing. 

2,8ie 

Wiln 

(M.  Sorrrr. 

2„tsa 

Seotlud 

t     BraCdibrift 

3,192 

BMlMnoluL 

BenWyyis 

2.422 

EruKloDiJill(K«Tj) 

3,119 

li^liai 

2,660 

Wnltt 

2,432 

3,007 

ln\»iij 

Gctfeil.  AiTM      

2,87* 

Gnat  Whemiid* 

2^10 

Engluid 

Jnn  Island  (N.  Put  oO        ..      .. 

KIppuce  Mounliia        

8,4(;5 

Ireland 

Knoi-limtflJilowil 

2,601 

Mount  fetlock       

2,554 

f=collMcI 

,,       UinsLr      

PeiidleHill 

1316 

KngUujd 

2,4BI 

aiwoi    

Inlud 

s«7i.r^w    

1,753 

Smtlsnil 

3,229 

EDcluid 

SlieveSnight         

2,011 

Iifluid 

twotlud 

WaterCorag 

2,187 

Ilebridc* 

1,396 

Engliad 

M«n<li|.  Hills 

979 

leehnd  and  Fara :— 

SniefcllJoiul]         

5,115 

la-ltoi 

A,D.  L. 

IJ«kU 

5.210 

SbilingeOfld.  Isle  StromM     .,      „ 

2,172 

Fuoe 

Std.. 

Rimntaya  Chai»: — 

Mount  Errmt,  or  Gaariuoktr  .. 
DipMug  Vak,  in  KsnkoiruDi  nnge 
KunrhiQ-JuDgn,  W,  pATt 


29,003      Nq»u) 
SsllTU     Sikkim 


I  Tbe  brighti  In  [ba  SIkkIm  Hlnular*  an  dednod  rrom  the  gternUoii*  of  OOatA 

Wmgli.  Dtncior  irf  tlw  Tngonooiiiiriqil  Snrffj  at  Imlu.     Sm  "J '  -'  •-   -^^  -- 

Bev^'Ntr.  iiM«;  ud  '  lYcnedli^  of  Bi^il  U«c.  to^'  l«tl. 


Donul  of  At,  Sue.  g( 


I    t 

i 


I  TV 


M»-iO 
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Names  of  FlAoes,  MoanUlni,  &c. 


Kunchin-juDga,  E.  Peak 

Sishur 

Dwalaghiri 

Diamer 

Juwahir         

JunDoo  

Jumnautri      

Dhaibun         

Kabroo  .. 

Chumalari      

Powhunry,  or  Donkiah  Lah  .. 

Kanchan-ghow        

Momonanglii  or  Gurla  .. 

Api  P«ik        

Peak  No.  12 

la 

28 


> » 


1 » 


> » 


^•1 


St.  George's  Peak  . . 
St.  Patrick's  Peak.. 
Gangoutri  Pyramid 
Jownlee  Peak  (highest) 
Kailas  Peak    .. 
Kohibaba 

Peak  N.  ofCabul  .. 
Dodabetta 


Mahabiileshwar 
Utakaraund    . . 


Passes  of  the  Himalaya : — 

Ibi  Gamin,  between  Sikkim  and 
Kialitour,    ..        Lat.  30°  55' N. 

Gunshankur  Pass,  one  of  the  highest 
points  between  the  valleys  ot'  the 
Indus  and  the  Sutlej 

Lum-kang,  over  the  Karakorum, 
from  the  Changchenmo  Valley  . . 

Mustagh         

Karakorum 

Yangi-la  (over  the  Kuen-lun  to  Ilchi; 

Chang-Iang,  over  the  Karakorum 
range  

Masimik,  north  of  Pangong  Lake  .. 

Chang-la,  fi  om  Leh  to  Tauksi 


Heights 

Ooimtriesin 

in  English 

whi€h 

Feet. 

situated. 

27,826 

Sikkim 

27,799 

» > 

26,862 

Kepaul 

26,629 

f  1 

25,670 

KumaooQ 

25,312 

Sikkim 

25,500 

Nepaul 

24,740 

» ♦ 

24,005 

Sikkim 

23,929 

Tibet 

2.3,175 

Sikkim 

22,000 

*  f 

23,500 

Tibet 

22,799 

Nepaul 

23,263 

"^  Between  the 

Ai 


22,313 
22,727 
22,277 
22,500 
22,638 
21,219 
21,940 
21,000 
17,905 
20,232 
8,640 

4,306 
7,278 


IKaUandE. 
branch      of 
the  Ganges 
(Between  the 
Ganges  and 
Sutlej 
Kumaoon 
Tibet 
Hindoo  Cash 

>  > 
India,    Neil- 

gherries 

W.  Ghauts 

Neilgherries 


20,459 


19,980 

19,501 
18,400 
18,317 
19,092 

18,839 
18,457 
18,368 


CoL 


Her] 
Wai 
Well 

Wall 


Dr. 

Strai 

Web 


•  • 

•  • 

•  • 

•  • 

G.  T 

God^ 

G.  T 

John 

•  • 

Hayi 

•  • 

•  • 

G.  f 

Stra< 
Ban 


Schk 


S<hl. 


I  For  Lirat  Strschey's  observatioiu  daring  his  veij  interesting  Joumey  to 
Lakes  of  Manaaarowar,  kc ,  tee  '  Jeumal  of  As.  Soc.  of  Bengal,'  Aug.  1848. 
3  li.  Schlagtntweit. '  Hypsometry  of  India,  the  UimaUya,  and  W.  Tibet,'  4to.,  ] 
*  Great  Trigonometrical  Sarvey  of  India. 


TABLE  OP  HEIGHTS. 


HtlghU          OuDUtHlD 

•"""* 

Sugil,  bctwHD  Lxkk  ud  Vvkmnd 

18,337 

Hayward. 

Suiju,  ov«r  a  ipur  of  Ihe  Welera 

Kuen-iim  to  Yu-luad         .,       .. 

16.612 

HAjward. 

UngpvjiDhura.or  Door»Gh»Qt  .. 

17,750 

Himalaya 

Strathey. 

ElJii,  in  Kuen-lun  CbaiQ      ..      ., 

17.379 

Lipu  Uk  P««       

16,8S4  ;        ,, 

MUIKD. 

Niti  (ih»ut  P™ 

GenH. 

PuUabaPa^        ..      ..     ,.      .. 

16,5l>0  ]        ,, 

W«bb. 

ShMooTPua 

io,aoo         ,, 

LwhoongPui       

18.UU0 

Sikkim 

Di.  Hooktr.' 

Hdcht  of  BDOW-Iinc  od  Himiiliin  t— 

16,2W} 

Od  Kunhurum  luige:— 

KorUiilope        

18.600 

id.tou 

High«t  inhibilHl  points:— 

Summtr  pasiures  «  Utm 

16,a22 

PermaDtntly  inhsbilri  Yillaga^ 

W.  Tibft 

Chuihul 

1M<W 

CmtralAm,:— 

Klbrui    

18,526 

Cauoiiu 

Fnnhfitld. 

K«ibfl< 

16.MG 

Dem«v«ui       

21,000 

Penia 

Kerr. 

17,212 

Piimil, 

KinnBalu       

13.698 

Itonieo 

Adaoi-.Pt.t 

7,420 

Ceylon 

Tcnnaut. 

13,197 

A«»  UiDor 

A.C.' 

Beloukh»        

Altai 

Uouni    I^i«.n<m,    Diilir    «l    Kl.oilb 

(highet  iBiiil) 

10,050 

Palatine 

FnachSurvtj'.i 

uf    nnJ    bclwcfn    Brjiout    and 

IMmui'iu 

5.oeo 

Mount  Htnwu      

9,37tf  !        , , 

My.  S,«M. 

,,      tSinai 

7.413  !        ,, 

Iljllind. 

8,665 

..      t-'aim*!        

1,800 

.. 

I  TIh-  Hi'lghu  foTlownl  bf  Uw  MUn  A.  C.  hin  b 
>  Ciriedu  LltMdBl>tiiA(detaOiKin.F»k,  ItW. 


a  xtkra  fmn  Uumliolili'a  ' 


/ 
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i  *! 


•I 


Names  of  PUoesb  MoQDtalns,  &a 


Antilebanoa    . . 
JebelSerbal    .. 
Mount  of  Olives 
Kamen  Peak  .. 


Heights 

InEogUali 

Feet. 


7,000 
6,607 
2,724 
5,397 


Ooontrles  In 

which 

■itiiated. 


Palestine 

> » 

» » 
Und 


Porter. 
HolUn 
Schubi 
A.  C. 


AFRICA,  AND  ISLANDS  IN  THE  ATLANTIC- 


» » 


Mount  Atlas  (Miltsin) 

Abba  Jarrat,  Ut.  13°  10'  N. 
Buahat 
Kilimandjaro . . 
Mount  Woso  .. 
, ,      Dajan . , 
, ,      Sowayra 
Table  Mountain 


••  » » 

••  > » 

••  » » 

••  » > 


13    12  N. 

4     0  S. 

6   30  N. 

10    15  N. 


Pico  Ruivo 

Peak  of  Teneriffe,  or  de  Teyde 
AltaVista  Observatory,  Teneriffe    . . 
Guajara  Observatory,  Teneriffe     .. 

Chahorra,  Teneriffe        

Pico  de  Cruz,  Palma      

Los  Pexos,  Great  Canary 

Alto  Garaona,  Gomera 

Peak  of  Fogo 

Pico,  Island  of  San  Antonio  . . 

Pico,  Island  of  Pico       

Pico  de  Vara,  Island  of  St.  Michaers 
Cdldeira  de  Sta.  Barbara,  Terceira 


11,400 
15,088 
14,362 
20,065 
16,350 
15,740 
10,328 
3,816 

6,056 
12,205 
10,073 
8,903 
9,885 
7,730 
6,400 
4,400 
9,154 
8,815 
7,613 
3,570 
3,500 


Maroooo 

Washii 

Abyssinia 

Rttppe] 

„  »» 

J  f 

Equat.  Afr. 

V.  der 

S.  Ethiopia 

D'Abb 

N.  Ethiopia 

y  * 

Abyssinia 

Markb 

Cape  of  Good 

A.B.1 

Hope 

Madeira 

Vidal. 

Canaries 

t  > 

9  » 

)  > 

»  f 

f  * 

Von  B 

>  > 

Vidal.« 

» > 

y  9 

» f 

9  9 

Cape  Verde  Is. 

Deville 

» » 

Capt.  I 

Azoi*es 

Vidal. 

» > 

f  » 

*  f 

f » 

AMERICA. 
North  America : — 

Mount  St.  Elias 

, ,     Fairweatber        

Fremont's  Peak,  Rocky  Mountains 
Mount  Hooker  , , 

Whitney,  Sierra  Nevada    . . 
Washington,   highest    point 
of  the  All^hanies  . . 


> » 


17,850 
14,788 
13,570 
15,700 
15,000 


6,428 


N.  America 


» » 
» » 

> » 


Rogers, 

» > 
WhiUM 

Roger*. 


1  From  the  table  of  a  great  namberofOeographical  Positions  and  Heights  de 
by  M.  A.  T.  d'Abbadle,  daring  his  travels  in  Abysednia. 

*  The  heists  given  on  Admiral  Vidal's  antbority  are  taken  from  the  Sorveys  of 
the  Canaries,  and  Asorea,  ezecnted  under  hto  direction,  and  published  by  the  Ad 
those  on  Mr.  Plazsi  Smith's  were  obtained  in  1856.  daring  his  astronomical  expe 
Teneriffe.  wher«  he  remained  for  several  weeks  engaged  in  making  physical  obaen 
the  elevated  stations  of  Goidara  and  A  lUvlsta. 

*  From  Rogers'  and  Keith  Johnston's '  Atlas  of  the  United  SUtes,'  1857.   .     . 


TABLE  OF  HEIGHTS. 


•IIuUhL 

P<.poc»tq«U 

17,717 

M«jii» 

Humboldt. 

llUciboal!      

15,705 

KevsdoofToluoi 

15,5*2 

A.  B.  L. 

SerrmNf™!.         

15,170 

Humboldt. 

Perol.  Mountain 

Jorullo 

13.il3 
4,265 

VoloDdeFu^ 

13,930 

LqidiD.    . 

„      AlilUn       

11.510 

,,       Pmraya       

7,100 

ln.u,  or  Volcano  of  Ciitngo 

11.480 

Custa  Kia 

PbriuAtlu. 

Volam  d'O™        

8,650 

,,      dolosVoto.       

9,840 

,,      S.nS«lT»dor      

8,000 

•  • 

JMmmtain  Paaei  in  N.  Ainerica  .— 

Pm  over  tb«  Si«rr»  Nerida,  0>li- 

tbraU..       ..         L»t.3r28'.V. 

12.400 

SifrnNeTHb 

WhltDCT. 

Lewlt  inil  Clarke'i  Put         ..      .. 

8,323 

Bockr  Mb. 

squi™: 

7.490 

CaDon  Blsnco  Put,  Ut  35°  20'  N. 

6,917 

Bci'i: 

W,* /«&),— 

BlueWouDUin. 

7,277 

Jamiica 

Tnntwim. 

USQUffriftre 

5.108 

Monlagne  PflCB 

4,432 

4,370 

SL  VincHifi 

South  America:— 

la  Silla  de  Canimu       

8,600 

Humbaldt. 

B,2B0 

GuiBU 

PWnofBogota      

VolcmoofTolims         

18,020 

Adda  of  N. 

GlMudl 

I'urac* 

17,034 

CumbJ         

15,620 

HumboElt. 

07«^^        

19,535 

Andsoflhe 

Kq«,wr 

Astisuin         

C«»p.ii       

18.775 

15,924 

21.424 

17.380 

16,424 

HumboldL 

a.ng«I 

ie,l38 

UCondnmiitt. 

17.525 

Ptru 

Pn>Uind.< 

1  UoM  dT  tlM  tK'IfbU  glna  In  tbb  Ciblr 

«.llr.  P 

mllud'i  ulbortv  bnTt  bem  takn 
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Names  of  Places,  Mountains,  kc 


Apu-CuDoranu      

Guaracoota  Peak,  Snow-line . . 
Cololo        ..      ..      Lat.  14°58'S. 

Volcano  of  Arequipa     

Chipicani,  or  Nevado  of  Taoora     . . 

Parinacota 

Sahama 

Gualateiri      ..      ..  Lat.  18°23' S. 
Ancohuma,  S.  Peak      

,,        N.  Peak      

Chachacomaniy  N.  Peak 

Angel  Peak  ..      ..  Lat.  16°  10'  S. 

Supaiwasi,  or  Huajna  Potosi 

La  Mesada,  S.  Peak        

lllimani,  S.  Peak 

Mountain  of  Potosi        

Peak  of  Dolia  Ana 

Aconcagaa  Mountain 

Concal  Peak  ..      ..  Lat.  33°  6'  S. 
Tupungato      ..      ..    ,,   33  23S. 

Maypu  N'olcano 

Volcano  of  Osorno,  or  Llanquihue 
Minchinmadava  Volcano 

Mount  Stokes         

Mount  Sanniento 

Mount  Darwin       

Passes  of  the  Andes : — 

Pass  of  Kumihuasi         

,,  lus  Altos  de  Toledo  .. 
, ,  Cordillera  of  Tingo  . . 
, ,    Paquoni 


Heights 

inEbgllsh 

Feet. 


17,590 
16,217 
17,930 
20.320 
19,745 
22,030 
22,350 
21,960 
24,286 

24,043 
20,355 
20,115 
20,260 
19,356 
24,200 
16,152 
16,070 
23,9 10« 

20,366 
22,016 
17,644 
7,550 
8,000 
6,400 
6,900 

6,800 


16,215 
15,790 
15,754 
15,340 


Pentla 


Bolivia 
Peru 


> » 


Bolinan 
Andes 


» » 
» > 
» » 

»  9 
t  » 
»  t 

Cliiie 


» » 
» » 
» > 
» » 


» 
» 

» 
t 

t 


» » 
Patagonia 

Tierra      del 

Fuego 


>  f 


Peru 


J » 

» » 
Bolivia 


Domeyl 

Beeclwj 

Fitzr 

Gillisi. 

» f 
Fitzroj, 


Gay. 
PeDtlaii 
Gay. 
Pentlan 


from  his  map  of  •  The  Lafnina  of  Titicaca,  and  of  the  Valleys  of  Yncay,  CoUao,  ax 
gOAdcro,'  publiahed  in  lH4t». 

1  The  helKhts  given  on  Mr.  Domeyko's  anthority  are  taken  from  hia  very  in( 
papers  on  the  Ueology  and  Mine*  of  Chile,  inserted  in  the '  Annalcs  des  Mines,'  1846, 

>  The  height  here  assigned  to  the  Peak  of  Aconcngaa  differs  700  feet  ttKm  thi 
by  Admiral  Fitzroy.     A  re-calculation,  however,  of  his  elementu  haa  led  us  to 
greater  elevation  for  the  giant  of  the  Chilian  Andes  than  given  by  that  officer. 

Fitzroy's  obtservstlons  place  the  summit  of  the  Peak  of  Aconcagua,  which  on  hia 
incorrectly  designated  as  a  volcano,  in  lat.  32°  38'  30",  long.  Tu^  o'  30"  W.,  ur  23' 
and  100'  45'  E.  of  Valparaiso,  or  its  nearest  distance  about  88^  geographical  miles. 
a  station  near  Fitzroy's,  at  Valparaiso,  the  late  Admiral  Beccliey  found  the  angle  o 
tion  of  Aconcagua,  bv  several  very  carefiil  observations,  to  be  1°  bb'  45",  the  distai 
this  station  to  the  Peak  being  8H'74  geographical  miles.  From  a  review  of  the 
the  compiler  of  this  table  has  deduced  for  the  height  of  Aconcagua  23,910  feet  al 
BotL.  The  American  Astronomical  Expedition  to  Chile,  under  Lieut.  GlUisa,  i«di] 
height  to  22,300  feet 


App.] 


TABLE  OF  HEI0HT8. 


541 


Names  of  Placet,  Mountains,  Ac 


Pus  of  Chullunquiani 

Vilcafiota,  or  la  Raya 
el  Paramo  d'Assiiaj  . . 

Quindiu 

el  Almorsadero 

ComeCabello,  LaL  27°  30'  S. 
Dofla  Ana  ..   ,,    29  52  S. 
el  Portezuelo  de  la  Lagona 
Ut.  SO*'  15'  S. 

la  Cuinbre        

el  Portillo,  W.  Pass..      .. 

Mountains  of  Brazil: — 

Itambe 

Villarica  chain,  Serra  da  Piedade   . . 
Itaoolumi       


Hdgjhts 

inEn^Uah 

Feet. 


15,160 
14.520 
15,528 
11,502 
12,850 
14,520 
14,849 

15,575 
12,572 
14,315 


6,960 
5.880 
5,750 


OonntricBin 

whkh 

dtuatod. 


Antborltfes. 


Bolivia 
Peru 
Eqoator 
N.  Grenada 

>  > 
Chile 

> » 

» » 
» > 
» » 


Pentland. 

» > 
Humboldt 

» > 

>  ♦ 
Domeyko. 

» > 


» » 
Lieut.  Rae. 

» > 


Eschwege. 

» » 

>  1 


ISLANDS  IN  THE  PACIFIC,  POLYNESIA,  AUSTRAL- 

ASIA,  &c. 


Isle  of  Bourbon,  highest  point 

Mount  Arobotismene 

Adam*s  Peak 

Mount  Slamat  or  Tajal 

, ,  Gounnong  Pasama,  or  Ophir 
,,    Funiama 

Volcaqo  of  Matua 

Peak  of  Unimak 

Mowna  Kea 

,,      Roa 

Tobreonou      

Mount  Wellington,  or  Kosciusko  .. 

,,     Lindsay     . .  Ut.  28^  20' S. 

Ben  Lomond 

Cradle  Mountain 

Mount  Cook 

,,     Tyndall      

, ,     Egmont      

, ,     Krebus        

Terror       


> » 


8,340 

11,506 

6,152 

11,930 

13,840 

14,177 

4.500 

8,593 

13,953 

13,760 

12,250 

6,500 

5,700 

5,010 

5,069 

13,200 

11,000 

8,840 

12,367 

13,884 


Madagascar 
Ceylon 
Java 
Sumatra 
Japan 
Kurile  Is. 
Aleutian  Is. 
Sandwich  Is. 

Tahiti 
Australia 

» » 
Tasnoania 

•  • 
New  Zealand 


» » 

» » 

(Antarctic 
Lands 


) 


Phys.  Atlai. 
A.  B.  L. 

Jnnffhnhn. 
Kaflfes. 
Alcock. 
Phys.  Atlas. 

Wilk^ 

Phyl.'  Atlas. 
Strzelecki. 
Mitchell. 
Trig.  Sunr. 

» > 
Haast. 

Dieffenbach. 


Sir  J.  R 


LAKES  AND  INLAND  SEAS. 


Sirikol,  source  of  the  Ozns   .. 
Manasarowar  and  Kakas  Thai 

Titicaca 

Victoria  Nyanxa 


15,630 

15.250 

12.847 

3,740 


Paseir 
Tibet 

Peru-Boliria 
Central  Africa 


Wood. 
Stmchey. 
Pentland. 
Speke. 


1/ 

r    : 
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Namet  of  F\ace»,  MonnUins,  kc 


Albert  Njanza       

» »  » >  

Lake  Tangaojika 

,,    Njassa 

, ,    Shirwa 

, ,    Liemba 

,,    Ngami 

Baikal 

Lake  Chad 

,,    of  Van 

And      

Caspian  Sea,  below  the  level  of  the 
Ocean       

LakePakaki 

Dead  Sea,  60/iino  the  Ocean     .. 
Lake  of  Assal,  behw  the  Ocean     .. 

Great  Salt  Lake 

Utah  Lake 

Lake  Superior,  above  the  Sra 

,,   Erie       

, ,  Ontario 

J ,  of  Luoenie 

, ,  of  Geneva      

, ,   of  Celano  (L.  Fncinus) . . 

, ,   of  Bolsena     

, ,   of  Thrasymene     

, ,   Lugano 

, ,   Como 

,,   Maggiore       

, ,   of  Garda       


Heig}iti 
inBoglUh 


2,720 
2,550 

1,844 

1,522 
2,000 
2,800 
3,713 
1,535 
840 
566 

36 

82 

1,746 

1,292 

570 

4,290 

4,790 

627 

564 

230 

1,407 

1,230 

2,230 

967 

812 

937 

692 

650 

227 


Ommtrleste 


CeDtralAfiicm 
t  f 

f » 

» » 

S.  Ainca 
Asia 

Cent.  Afiioa 
Turkey       in 


Al 


Alia 


» » 

New  Zealand 

Syria 

Somali  Coan> 
try,  Africa 
N.  America 

>  > 

>  t 
» 1 
1 » 

Switzerland 

f  > 
Italy 

» > 
> » 

» » 

» » 


fiab 
Bml 


«i 
Utb 

Andi 

A.C 

Dr.^ 

A.G 

ScUi 

Bum 
ft 

HaM 
Jamt 


BdL 

f  1 
Roge 

» 1 


» 1 
And 

y  1 
»  1 
»  1 

»  1 
J  1 


ft 


HEIGHTS  OF  SOME  REMARKABLE  INHABIT! 

PLACES. 


Thok  Jalung  Gold  Mine 
Rumihoasi,  Post  Station 


Gartok,  in  the  Upper  Valley  of  the 

Indus  

Jiachan,  village       

PaU,  Post  Station  . .  Lat.  16°  05'  S. 
Apo  , ,  , ,  . .  , ,  6  13  S. 
Ancochollaui,  farm  ..     ,,17   35  S. 


J » 


16,330 
15,542 


14,240 
15,870 
14,400 
14,376 
14,683 


Tibet 
Andes    of 
Peru 


Upper  Indus 
Peru 

» » 
>  > 


I 


Morn 
Gay. 

Moni 
Pent; 


TABLE  OP  HEIGHTS. 


NiunB  of  Pliers,  Mounlalns,  At 


'    PoM,  dtf 

FuDo,  ojtjr     

LaPu.dtj 

Ciuco,  dij 

QuJM,  capllnl  »r  i^qualor       ..       .. 
CbuquUKa,  tapilil  of  Beliriii 
Bogota,  (splul  of  New  CiaucU   . , 

Mrtim,eity 

Ai«|uiiiii,  city       

Soa  Surador,  ci^        

Hi^hett  Tillige  m  S.  Nde  «r  Uw 

Himalaju 

Tadun  Monittr; 

Juglacbe,  tinvQ , 


Ucd  of  (he  ludui  It  Lih 


DarjeeJiDg,  town     . . 
Siriiwcor,   apiliil  of  C 


,,    27    42   K. 

Cbal 

Arquwu.  hi^hst  Tillage  ia  Elhiopla 
Ealu,    taplUl   of   Enacea 

Lat.    H°  ir  N. 

Kaiidohar      

Tehnan 

Hutpital  Gtat  St.  Bernard   ..      ., 
St.  GfMhard  Alps,  P. 

St.  Vfian,  Tillage C. 

Bieail,  Tillage       P, 

DeoTrr,  Bocky  Mountain!     ..      .. 

Jenualon       

Bethlebem     


Equator 

Humboldt. 

Bolivia 

Pectland. 

Bolivia 

Pe^ 

Humboldt 

BoliTia 

PentUnd. 

Humboldl. 

Heiiai 

Penliaud. 

Cent.  AnKT. 

Squier.. 

Kumiuii 

StmdieT. 

Tibet 

Upper  B«b- 

Stmubcr. 

Knmiaa 

Webb. 

Neil^hemH 

Wacgt. 

Himalaja 

laja 

Ouhmare 

SdJ. 

Kq«t)I 

B.,™e^ 

t 
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Names  of  PUon,  Moantaina,  fta 


HelgJitB 

InEngUah 

Feet. 


Turin .,..  755 

Lima      520 

Vienna ]        436 

Milan 420 

Paris,  Obsen'atojy         213 

Rome,  Capitol        151 

Berlin 1        131 


Otmntrlen  In 

which 

iltiiated. 


Italy 

Peru 

Austria 

Italy 

France 

Italy 

Prussia 


AvtiiovM 


A.  H  .L. 

PentkDd. 
A.  B,  L.« 

» » 
» » 


I 


INDEX. 


iUnlw,  M.  A.  d',S4,  Koto;  S5;  366, 

AUeKE'Tt,  limit  of  uoiir-liDt  fiitd 
bj,  49. 

JlV»..i,i,  04,  95;  dimfiuiou  of.  94; 
tabl*'luid,i'>.;  moDiiUiiu,  ib. ;  |t«- 
liigi«litrDclure.95;  riTcn,304; 
bigliiih  (ipnliliiiD  to,  i&. 

AoUubnu  *priQ|[^  IHl. 

jUhh,  Mr.,  hii  diiconrj  of  tht 
plawt  Kept  una,  MG,  luMr. 

JdubM  DP  the  Bg«  of  Ire»,  43S,  lUlr. 

^ghaiuitaii,  Horn  of.  394. 

Africa,  (it«Dt  ud  sr«>,  87;  height 
of  Uble-lind,  ib. ;  interior  of  con- 
tin«Dl.  >''. :  wiJth  it  the  C>p«  •>( 
Good  Hiipe,  ■'•. ;  *ateni  iDoun- 
"  ■"     "i;  the  KiUTon*,  '  -     - 


north  of  Ci 


.   «»:    hri)(ht   u(   t 


irthofCap«moDDUiiu,90;  di: 
'Terin  nf  Dr.  LiTiugilone.  91-9: 
Kalahari  de-iert.  90 ;  riTer-ajxtei 
of  South  Africa,  SI,  92;  it*  pr 
daclioui,  92;  paitDre-lacidi,  ih 
mineral  rii-tieit,  ih.  \  diicoTeriei 
dptaiiu  Burton  and  Spehe,  93-, 
d*Hrt(.  9t>,  9T;  luulfvy  of  South- 
am  Africa  tu  the  Deccan,  98 ; 
earthiinaliea,  1H4. 
AfHi-a.  riven  of,  2Ut -368 ;  the  Garitp, 
orOrangie  Hirer. '.iljl;  thtZambeie, 
or  Leambjre,  ib. ;  the  I.«ba,  ib. ; 
the  l.'hobe.  i\ ;  the  Kafue,  2S2; 
the  Uuta,  or  (^ilimane,  t^. ;  the 
Shir*,  St.;  the  Cuii,  26^1;  the 
Ogoni,  ft.;  the  Nils,  •i>i:Uim ; 
the  B«hT4l-Abiad,  or  While  Rinr, 


uenta.  .6 


363; 

cl-Airek,  or  Blue  Rirer,  •i'H\, 
tribotariet.  ib.;  the  TakkuA  i^ 
AlinsiniMi  RiTen,  •(. ;  courw  of 
the'  Nile,  iU  baiiD,  i6:, ;  Telocit;, 
36<I)  inuodationt,  i\;  aacient  re- 
nown of,>6.;  the  Niger,  366,  368; 
barbarouaitalsof  ita  nationi,  367 ; 


iU   • 


f  and  courw.  ib.; 


afflueDta,  ih.;   il*  bruchn,  370; 
inunilalioD*,  268;  the  Gambia,  A. ; 
the  Senegal,  ib. 
Af,uM.  Hon  of,  403 ;  bitdi  <  477 : 
(|aadu|iadi  ol;  400;    popnlatioD, 


r  {lacier 


511, 
A-fauii,  M.,  no  a  former 

the  rallej  of  " 
A'ltmti,  .'>U7. 
Ayva,  TelcBUodel,  133. 
Air,  temperatun  of,  313. 
Airy,  Hr.,  hii  meuarement  of  the 

euth'a  radii;    hla  aiperimenta  to 

aMSitwo  mean  daiuitjr  of  the  earth. 

6,  not: 
AtbaCroa,  479. 

Athtrt  Njuua,  Uke,  94,  30.1. 
AloKk,  »ir  K..  oo  Japan,  177. 
Alf.tor.  frenu*  of  bInU.  481. 
Atlt il,a-,^,,  <:haiii  cif,  ]4:i,  143;  area. 

142;  acenerj,  A.;  btanchea,  14.'>: 

vegetation  on,  413. 
Aaigatort,  466. 
Mpaca,  or  Face.  506. 
Atpt,  Uio  40,  41 ;  Higher  Alp*,  their 

eilent.  40;    eleratioD  of  oenlnl 

ridge  ot,  ib. ;  width  of  th*  chain. 

41;  gUcien  of,  43;  flora  of,  388. 
Altai  Mountaiu,  63-tJ5;  length  and 

breadth  of  the  chain,  63;  fonn.ib.: 

geologirDf,  64,  65;  FleiBtioaof,  6.V 
Altuviiil  depoaita  bf  riTcn,  33,  24. 
jlmAfyrAyiutua,   genna    of    reptile*. 

Anihoijnn,  ita  TFgeUtjon,  398. 

America,  Irngtb  and  form  of  the  con- 
tinent, IW;  iU  natural  diviaion's 
ib. ;  climate,  ib.;  moaotaliu,  101 ; 
mean  height  of,  140. 

Amtrica,  mm  <,{,  380-293 ;  the  St. 
Lawrence,  280;  Arctic  atrcafm, 
281;  the  Uiaaiaiiippi,  382,  Wkl: 
iU  aonrcea.  282;  tributarlea,  ib.: 
th*  Miaaaurl,  ih. ;  the  Arkaiiaaa,  ih. : 
the  Bad  Rirer,  i'^.;  the  Cttilo,  ib.: 
Ungth   of    the   Miaaiiaippi,   38.1; 
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tliMdt,  ».;  tinn  oT  the  Xllcghur 
cfaaio,  ib. ;  or  tba  Rocky  Mountaiu, 
384;  Hciioui  riren,  285,  28tl; 
riven  of  Cectnl  Americi^  2S6; 
riven  of  the  Andn,  386,  287  ;  Ib( 
OiiaM.-a,  iU  Hh  mod  naiM,  ;£8T ; 
tribnUrlK,  ib^  288;  ■«  of  it* 
touB,  288 ;  ioadM,  ib. ;  the  AmaiDDn, 
IU  lin  ud  ninne,  288,  289 ;  Iti 
buin,289;  InbalBixt, ib.;  Booii, 
290;  bnincfaei,  A.;  colour  of 
AnurlciD  riren,  ib.;  tha  Rio  de 
U  Plata,  it>  rix,  a.;  tnbaUrlei. 
I&-;  Lepgtb,  291 ;  Booda  and  inun- 
dalioiu,  A,;  ths  ColDrado,  ih. ;  the 
Bio  Negro,  ib.;  the  iUnquibo,  ib.; 
■UTigalian  of  South  American 
riren,  2B3;  the  Pari,  ib.;  the 
tjao  KnucucD,  iii. 

Ameriea,  contiDental  iilandi  o^  159. 

AmerKa,  peopled  from  Aiia,  533. 

.liHeriOii,  Central,  ii»  dimeiuiDns, 
12-i:  moUBUini,  lb.;  Tolcanoa, 
US;  eHmateaudvegelatiaii,  134; 
geolog]',  137,  128;  Uor^  415. 

•irniVure,  129;  mounUiiu,  129- 
i:v(,  I41>-14S;  plaliH,  135,  140. 
m-144;  pmf;re«t« eilinetlon of 
nbori^im^  144;  ^logical  DOtiee. 
144.  14T;  voIoddIc  action,  147; 
tWil  mammalia,  ih.;  analogjr  of 
the  RsnlneT  of  North  America  with 
thit  of  hnrope,  ih.;  man  height 
ot'  Ifao  continent,  146;  coal-fieldi, 
aU.  ^15;  flora  of,  415,418. 

Auwn'ca,  SoQth.  length  and  width, 
100,101;  iUnuuntaiu,10I-ll.t; 
Inwlaoda,  114-121;  their  aiUnt 
■ml  area,  114;  geologr,  117-131; 
volisiDic  nrmiiiu,  UT,'  118,  noir ; 
npheRvin)^  and  inbaMaliDet,  110; 
nmn  height  of  the  continent,  140 ; 
eaTthq«Cei,185;  tropical flBraof, 
tlS;  eitnliopical,  419. 

Amtiiean  birds,  479,  480;  quadru- 
peda,  502;  population,  516,  aoli; 
races  of  nun,  Bt4, 

Anwiunia  In  the  atmotphere,  307; 
ila  nee  in  Tcgdtatina,  !4T8. 

Amoar,  dUtriut  of  the,  74,  75. 

ArniSiiuna,  463. 

AwiM,  lake,  112. 

AnatMoe,  table-land  <>(,  129. 

An-'ioli-i,  tablt-lnnd  and  mouDlainB  . 
of;49, 50.  ! 


Aitda,  cbnin  of,  101 ;  Pitagoniaa 
Andm,  it^;  Chilian  Andes,  103; 
PemTian  Andei,  103;  fartilitT  and 
pDpDloa8nHiDf,104;  ancient  dri- 
liiatian,  A.;  BollTian  AnJe^  A.; 
thne  rangn  of  the  chain,  106 ; 
A  ndee  of  CnDdinaiaarCB  and  Herida, 
108;   puHS  of  the  Andei,  e\ 


of,   109;    dim 


peratare,  109,  110;  deTelopmrat 
of  lolcnnic  force  in  the  Ands.  117, 
118;geologjo(.I17.i21:yol«nie 
prodacta,  118,  119;  lea^hella  in, 
119;  alternate  elcntion  and  d«* 
preeaion  of,  119,  1 
in  eruption,  133;  Asdaa  of  G 
tral  America,  133, 133;  fl<a«,41V,J 

JunMd  haromettr,  318,  n  ' 

Angara,  a  Siberian  riier,  i 

An-jora  cat,  465. 

Angura  goat,  494. 

Animated  beinga,  new  racn  ot,  ■*•] 
company  great  Kcolngical  ehai 
in  t)ie  ttrato,  34;    their  ai    ' 
geographical  distribution,  36. 

Anjou,   Lleatenant,  hi>   royage,   1 

chain,  77. 


Aali-Lib,mui,  height  of,  83. 
Anlillm,  136,  137. 
Anl$,  438 ;  white,  their  rmmtgM,  A. 
AMiMn,  vegelalion  at.  431. 
Antueo,  ridcanu  of,  US. 
jlpnmuwi,  43  ;  their  eitent,  0. 
Aplenodylet,  toalbem  pengain,  4(18,  I 
Aptt^gx,  anumnlen*  bird,  485.  ' 

Arabia,  flora  of,  401. 
ArM<i,  pcDinaula  of  81-83;  elcrfc-,1 
ible-limd,  81;  m 


82. 
Arahi.1,  Felii,  82. 
Arahin,  Petroa,  83. 
Arabiimg,  512. 
Ariiiiv,  M.,  on  the  mean  tempentttmel 

of  the  North   Pole,  314;   «  tf 

climate  of  Kranee.  317,  i 

poUriied  light,  35T. 
Ar.jl.  lake  of;  300. 
Ai'aral,  Moant,  49,  495. 


Ara^ualo,  mn  ape,  MH, 
Anmcaria,  gfoui  of  pUaU,  419. 
Arctic  lindi.  189-196. 
Arei,  mtridloDtil,  meaturcmcat  n^ 

Argaii  iheep,  494. 
.li^,  the  imcieDt,  84. 
Jrnuidilloa.  505. 
.ilrmmu,  plaini  of,  49. 


AmutmilA,  Hr.,  91. 
Arm  ialandi,  103. 
Artaian  walk,  252. 
Artiailat-i,  clAsaa  of,  433,  n 
Atia,  flon  of,  393;   b[rdi 
quadruped!    of,  494;    po 


9  monptiiDi,  36,  37. 
Atmotptitrt  iDflaeotial  io  modifjiag 
tb(  diitribntioD  of  light  ud  faeM, 


diunetcr,  169;  atolli of  th« Pkcific. 

A.;  of  the  Cbioa  Sea,  t6.;  of  thr 
Indian  Ocean,  ib. ;  gnat  eiUnt  bi 
alolli,  173. 
.4iKAfiiia,  genua  of  lUm..  .SA(t 
I  ^iic<(J(m(l  Ulanda,  tic 
I  AurocAf,  or  wild  oi, 
,  .iturani,    the,    371-375 
■  ;  i       height  of,  372;  effect' 
1,  !       netic  needle,  374. 
'  Aiotraiiaia,    area    and 


493. 


static. 


the  Euphni 
ita  buin.  2< 
the  Euphrai 


and  Tigri.,  area  of 
;  ri«  and  nrarw  of 
,  il.;  of  the  Tigris, 


1!70; 


't.STl;  its  navigatioi 


Ml, 

Auitralia,  coDtinent  of,  its  lelgth 
and  breadth,  ISI ;  climate,  A.: 
coests,  lA. ;  mouatalD-chatn,  ib. : 
length  and  average  height  of 
uountaini,  Vj2,  153;  Sfdney, 
colonieiof,  153;riTenaftbeM^th- 
erD  pari,  154  ;  lake*,  155  ;  liTen. 
north,  156;  a  gold  -  piuliicing 
counlrj,  15H;  predicted  bj  Sir 
R.  Mnrchiaon,  A. ;  field  of  gaM  in 
1852,  and  in  1859-60,  U>. 

Atutralia,  flora  of,  407 ;  binb  ef. 
484;  qoadraptdi  of,  508;  hnain 


A. ;  iU  delta,  ib. ;  length 
372;    the   Gaaeet    and    Brahma- 
pootra, Euorces  of,  3).  \  their  tribu- 
turiea,  273;    length,  ib.\  innnda- 
tioDt,  ib.;  braochei.  ib.;  drainage, 
274;  the  Irnwady,  ib.;  the  Me-     Awtntlia.  rirera  of,  their  inaigni 
uun.  275 ;  the  Cambodja,  I'b. ;  the         eance,  293-295 ;  the  Mnmj,  39 
Sating,  &.;    the  Ilong-Kiang,  ib.;  '       the Macqnarrie, i5. ;  Swan  RiTu, 
the  Kwng-Hn,  216 ;  the  YangtH-  '  AtatoU,  a  Meitcan  reptile,  4«3. 
Kiang,  &. ;  the  While  Kirer,  &. ;  '  Aierbijun,  495. 
the  Amur,   277;    the    Lena,   ib.;  I 
(he  Yenniei,  278 ;  the  Ohj.  ib. :  I  '■ 
the    irtith,  ib. ;    great    ditTerence  i  Babinel,  M.,  on  Ibe  polariutln 
light,  357. 


Atia,  table-lands  and  monutaini  of,  [ 

47-65. 
Aip,  IvgjptiHD,  1  make,  464. 
Aa,  wild,  or  onagra,  191,  495. 
Auat,  lake  of,  299.  I 

Aatam,  lea-plant  in,  .396,  natt.  ' 

Aayrim  niiilemeu,  84.  | 


9d6ir(n'5M  hog,  4 


r  White  Nile.     St, 


■  Hails,  Mr.,  6. 

Hiktr,  Sir  Samuel,  hit  dincoirrie-, 
I  93,  94,  303  ;  whirtoind  d«Miib*<l 
I       by,  335. 


BaH,  ItlMDd  of,  les,  tT3-t7S. 

Balkan.  iU 

Battir  Sh.  Its  uhl,  i*6 ;  bula,  <ft. ; 
depth,  i7).;  cIiidbI*,  *, ;  influen™ 
M  Eurapfio  civiliutloB.  a^. 

Barlr,,,  origin  and  vnUInUos  of. 
435. 

Baro-nritr.iue  imtelanDiningbaigbU, 
niS;  iDEtoid,  I'fi..  »pte ;  bonrj 
nuitUoni  of.  319;  cginpantiva 
hcighU  at  the  Irupia  ud  tha 
aqiwtor,  336,  iio'«;  bow  »ffnMd 
b7  itormi,  332,  not'. 

Oirrrii  QioQiid,  tbe,  of  Norlb  Am«- 

rio),  ita. 

Birrifr-rtrfi :  nntice  of  n*  off  the 
Einrtb-eut  cDaxt  orADtlnlli,  170, 
171. 

Balriu:U-ru,  mn  nrrler  of  rvptilri, 
461;lheiicUBifialiuIi,ifr.i  Uialr 
dlitrihution,  tSS. 

Bmr,  4B2,  4S1,  497 1  lh«  grl«l)', 
494-I>03. 

Htnmumt,  M.  Elie  lil^  eilciuinB  of 
Vno  Budh'.  tie*.,  HI,  nul*;  un 
Ihe  inuriuil  hut  of  tfai  glubc, 
311. 

ISftitirr,  the,  493. 

^Mciij/,  Ciplain,  hii  niBMomMnl 
of  th-  hel)!hl  of  (he  Ktndo  <i( 
Aconagojt,  103;  on  iJh  fbmuUoa 
oTlieoiHi  Iflluidi,  17'2,  RoU. 

Bta,  dutHbotion  of;  437. 

Btlie,  Dr.,  tHTeit  in  Afria,  95. 

Btklur,  Sir  Edward,  stpi^illoD  un- 
der, S43. 

fliiiiMl  Tigh,  or  Cloud;  MouoMini, 
47,  48, 

Bm  KctU.  iU  rleratloD,  OT. 

Bntel.  IS.,  bit  tnMuureiiK'nt  of  the 
calth't  ndli.  4;  bis  remits  com- 
pnred  with  thoH  of  Mr.  Airj,  it. 

Sinii,  «liu><£elllaa  of;  4T0 ;  geo- 
grnphicol  diitrjbutiou  of.  470-47:2 ; 
migration  of,  471 1  Britiih,  473  ; 
Kuroprio.  473;  Aiiallc,  475; 
Alriiao,  477:  North  Anterican. 
479;  South  Amfriun.  480;  Aus- 
tralian. 484;  of  New  Zealand, 
485;  itwail,  from  Kaw  Zealand,  ib. 

Birmiin  empire,  77. 

SvmaH'i-Siaineia  fhain,  77. 

BrI,  W.  K.,  bi>  ■  Hurricane  GnMe.' 
332,  B. 


Blick  Ssa.  iU  uw,  347  ;  b 

depth.  i&. 
£/«  UoontalDF,  79,  137. 
£m,  ■  genai  of  lerpcnta,  46. 
Boar,  wild,  49a. 
Itimiim,  plain  oC  jia  height. 
Baimparti,    Prinee    C.    Lm 

European  &b,  444. 
Barnr,    Uk«>  of,  in  Tibet,  60^ 

30(). 
Bornro,   general    faatar*, 

and  dlisale  of;  1G3-I»e. 
B.t  inio  Garieni  at  Kaw,  544, 
fudmiarf  regions  of  tba  Nrth^ 

face,  384.  luU. 
itoW,  H.,  bis  delnctiona  frran 


10. 


'ZM 


35;  on  the  inAaaDea  of  chains  of 
muantaint  on  the  dlBaraoce  of 
Dslions,  i'H, 

Biruhkr  (onDStioa.  33. 

B--a,il,  Uble-land,  ils  height  aod 
rbno,  US;  bonDdsriv,  113,  113; 
mnnntoin-chaiDi,  II J;  rirera,  99X, 
393;  toW.iii.;  flora  nf,  418. 

eof 


thee 


Mloa  of 
e  of  His 


Brit'tit,  eartbqu 

of,  3ei. 

Srdi^  noontaims  gfology  ol, 

BrooA*.  Sir  J.,  at  Boi 
Biich,  Van,  tin  the  si 

globe.  31,  nntt;  cLHHincaiiaa  or 

Islands,  t5B,  160;  theorj  of  lagooa 

islands,  173,  mde. 
BuohnH,  Mr.,  Hlmnpherie  prtveurc 

tnrestifptedbir.  3^1.344. 
Bnal.  Dr.,  on  evaporation  in  the  Red 

Seit,  aaO;  op  nilaur,  251 ;  on  bnil- 

storna  in  ItidU.  350. 
Bvpha/ja,  ■  genus  of  birds.  478. 
B'lrit,  Anatralia  explored  by,  155. 
B'lrlietoini,  156. 
BiiHm  and  Spake,  Captains,  thi 

ditcoiaries  in  Africa,  93. 


I 
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Omnfl,  fiaclriaii, 
dmmcdu'jr.  ib. 
OamtUia,  taaatry  of,  3U&, 
Oampbrirs  Itliud,  flora  of,  423,  iSl. 
Cbmpoa  Pincii,  deurt  oC  113. 
Onuidai,  the.  produoU  of,  138;  lc«- 

Cantatri-m  chain.  38. 

C^p«Kegro,'H». 

O^M  of  Good  Hope,  ST. 

Ocfiybara  (Hyopumui),  607. 

OrotuA  gold  miDta  of,  113. 


u  bM,  4SS. 


Cbntm,  goIJ  dbtiitt  of.  141,  14S. 
ConuDoravi  oiaminalii.  4flS. 
Carvlaie  Archipelago,  lliS. 
CivTHtAiun  RWDntaiBi,  'AS,  4€. 
QuAukti  goal.  49(i. 
Cbonu,  UouBl,  height  o^  8S. 
Caipiaa  Sui,  lis  depreHino,  TO;  It 

area  and  buio.  'IVV. 
Cauicati,  geoui  of  birda,  tT7. 
CaaKKory,  477. 
~      unu,  the,  4S,  49. 

niuin  race  uf  nunkiBd,  512;  It 

ndiih,  Mr.,  S. 


tCWAc  iwn  of  null,  dLT-S19. 
antral  AaLa,  ili  tabln-landa,  47,  48. 
Omatia,  geographical  diatribntioD  ot, 


amis  Ttal*.  118;  rite  of  the  eout, 

130  ;  vegeUlion  of.  4ia,  420, 

aiflclH,  voicalHI  of,  118. 

Ckmpamie,  498,  SUl. 

Ckmn,  great  pniductiTraeia  of;  Tij; 
area  of  lla  alJuTiat  plain,  it. ;  ex- 
tant of  Oraat  Cuml  of,  A. ;  cli- 
mate, it. ;  popuUllaa,  77 ;  mineral 
wealtli,  ii.;  lin-bilta  and  tin- 
apriag*  of.  180;  tlon  uf,  'i9i. 

ChimAil'a,  507. 

C*twM  population,  51 S. 

Ciiionu,  so  antarctic  bird,  483. 

CAiwiypAtrlM,  505. 

Cluxe,  chain  of,  108. 

(»Ufii»i<u,ai|dlal  of  Bolivia,  105. 

OiwImm,  or  I>niviM)-bark  lr«c,  417. 

Ci-vatiian*,  512. 

CMtttoHm,  auiU  of  the  Aiilint,  533. 

aiuiaU  altered  hj  cultivation.  52S. 


1,31. 


'e  cold  of  the  Pliocene' 


Clauitt,  lomalian  and  height  of,  341 ; 
did'eivnt  name*  given  to,  ,143. 

(hal,  dllfiuiuD  oi;  212-2ia ;  qoanlit; 
connuuied  and  eiported  aiiiiually  by 
Qmt  Britain, 'JU.mVr;  [|BaBlitr 
prudueed  io  France  in  1841,  it.; 
quantity  nJHd  in  one  vear,  A. 

COaljitllb,  great  eilenl  ot,  3t. 

Coattt,  eitent  and  liirm  of;  S0-3S; 
comparative  eitenl  of.  in  the  fonr 
qnarten  oftlie  globe.  30,  32. 

Obra  di  capello,  or  hooded  make,  404. 

Com  (Erythroiflon),  420. 

Cwkliml  ln«cl,  438. 

Cb/o^planl,  and  history  of,  403. 

fWd,  regioiu  whan  giraloat,  315. 


ampti,.  an  Auatrallan  bird,  484. 

Colima,  ruluinii:  cone,  130. 

e»vt.Dnida,  height  of.  112. 

CoM^  geuiu  of  UmnrhU,  501. 

Cttaaa,  divi-ion  at,  4SS,  489. 

Cobmbim   Archipelago.      Sit   We<t 

Cmbm,  iaiuid,  83 ;  flora  of.  401. 

aUi;  laka,  302. 

Indian  lilandi. 
Cmau,  lake  o^  297. 

OlniMJniu.  467. 

Oompnum  of  the  eaitli,  8,  mM. 

aamai;  *»i,  494. 

Cua^,  the,  480. 

Cmfimr,  family  of  planta,  15,  *., 

the    baaa   of  the    Pynneea,    148. 

mill,  428,  432, 

I 


OuaJle,  Dr..  route  followed  bv.  HO. 
CkeHak,  the  hnnling  leopard,  4»T, 
OWonu,  or  Aya-Aya.  an  anamaloni 

animal,  M'i. 
Ouirepura.  or  bati,  488.  489. 
OnkmiiBU,  or  lurtlea,  MB. 
CUJf,  iladimale,  Wi;  group  of  fol' 


i  great,  form  of,  34 ; 
'it!  high  hiDdi.  36-65;  Enropean 
mnnnlaiDi.  36-««:  Atiatic.  4T-«5i 
eitoDi  and  brwdUi  of  high  land 
between  (he  Mediternn«io  and  the 
Pacific,  47;  Great  Northern  Plain. 
8<>-73 ;  ana  of  high  land,  S9,  70  ; 
•oulhem  low  landji,  74,  88 ;  gnat 
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t  of  c 


:  »uti 


a  of  conlincDU,  33, 
S3 ;  inlfrrDptioDa  in,  35 ;  meiui 
height  oC  14T-IS0. 

An/  fimnitinoa,  fonr  kiiidi  of^  16T. 

f'imt  nth,  171. 

nMinga,  in  ludlii,  3S3. 

Comui,  354,  3S5. 

n)<(f«xi,  halght  of;  107. 

Cntir  of  elcvitJoD,  ilB6iiiUDn  aC,  30, 

Crumfwnt,  Mr.,  78;    ■Antiquilf  of 

Han,'  quoted,  510. 
Cm  (ileoWrX  *81. 
OooodtfH  in  itontnl,  466;   of  the 

Mil*,  &,.,  «oUi  ot  th«  TiT«n  of 

iDd!*,  4ST. 
CnMtrr,  Caplain,  343. 
CUo,  uca  and  eaut-llM,  I2T ;  tuight 

of  it*  mDUBUioa,  it. 
fiWhiPi,  it*  inftaanoe  on  th«  boiDUi 

Ibrm,  &'i'i. 
furrenU,  oinMi  of,  239;   dirwtioti 

mkI  nloclt;,  S3U;  gratt  ocunie 

eamDlo,  330,  331 ;  Oalf-«tt«Mti. 

^31,   SS4:   drift  cumnl*,   233; 

<MiiDt«i-curreiitii,  2U;  ptriodical 

cnrront*,  A. ;  (Rtct  of  cnmntii  on 

rojagM,  336,  33T;   rar&M  ear- 

reoti,   343;    nbmulDt   currcnli, 

341,  343. 
Ciai»,c)tj,  105;  reliaoftha  IiiC9U,tb. 
(\>teA,  Run  of,  BO. 
ri.i*r,  BuDD,  21,  22,  442,  luU,  449, 


i»lMili,  177 

3^7;  OB  the  aiaaral  Hjk, 

'm  rtplilH  of  GalBpagti^  4«S',  _ 

binit  of  dittn,  482  i   on  relBll*^'' 

weight  of  Eertiiu  ^udrnpfd*.  SO?. 
Daubrf/  on  nivtamorphimi  in  roch>, 

Dn  Vinfii,   LmiuMo.   hli    hTdraiill« 

2ll(J.  twW. 


I 


night,  dniation  of,  3. 


'■  Dahna,"  the  grut  D«eri,  S3. 


ingeroHa  Arcfatpcll^  169. 


Ainu 

DarM  Road,  the,  49.  | 

DaritH,  Irthmiu  of;  ISS.  , 

Airwin,  llr>,  his  ipecnUtiona  oD  per-  | 
foot  uinuli  foBDit  buried  in  Sibe- 
rik,  31;  hit  >Tr«TeLi  in  Soath 
AmoriM  ■  qunloii,  119,  120;  on 
coral  reefi,  173,  nole ;  on  Tolouic  | 


DtauidolU.l 

3M,    noir;   oB   gnrtrth   of  I 

427 ;  ngB  of  Lns.  43B,  iMt«. 
Deoain,  table-luid  of,  7a ;  ' 

and   GonpiwliDn,   A.; 

eO;  uil,  A. 
Par.  isiMiH.  496. 
i>>  J7<iHii,  Lltut.,  343. 
DeiaoOrrium,  20. 
iV  la  Bedn,  Sr  Henry,  oa  ueti 

feiwu  dipoiltl,  303. 
Dtligrrt.  CapUlD,  the  Hekoftg  « 

plored  by.  78. 
Dcmhia  laire,  SS,  303. 
i>nuAy  ofthe  earth,  6;  ofeir,  i 

tloni  in.  .118. 
Prodam  pine,  3M. 
Demgiiailero,  Mbl*-l*Dil  or  valUj-  a)  _ 

iti  dimeiudDui,  104;  iti  ana,  lO&i 

rirer,  305. 
Autre  Plateau,  133. 
JheonwH,  origin  of  the  term,  12,  >u>(a 
Deie,  339,  340. 
DtntvltJonom  plants,  382. 
i)>n(imij,  a  fouil  bjni,  4H5,  48S. 
i'lp  of  the  huriioB,  4. 
DittftHct  eatimatod  from  known  h  eiglli 

ofan  object,  4. 
Oxb,  an  (itinct  bird.  485. 
Dayi,  American,  503. 
D-lphiiu,  455. 
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of,  390,     i>aNay,  H.,  hli  etparimenta  with  In 
lag  water,  195. 
I  Dordapu,  caTenu  of,  37. 
I  Ani^IiH,  Hr.,  bit  ircountof  in  erap- 
on  per-  '      tion  of  tbe  Tolcano  of  Kirawah  in 
1834.  178. 
Dovt,  Profour,  on  m«n  temp*ra- 
turis,    315,    316,    and   na- 
rotatorj  itoisu,  333,  note. 


I 
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XrwoB  linnl,  40T. 

Eatitm    A>i>,  itl    Mb].^-l<iDd.   nnd 

Dry  Bi«r.  Bu,  S8. 

i>ry  8«,  «i. 

Eckidta,  509. 

Ed^ymy,,  507. 

Afric*.  363,  301. 

£UfliMla,490;Aiiatic,497;  Afncsu. 

Du0fmo  At,  4&a. 

502;    South    American,   505;    of 

i>.fm»J.-rs   U.   ViHDdDO.  dtptb    of 

Auitnlia,  508 ;  link  between  lb' 

water  Is  StraiU  of  OibnlMr,  36, 

note. 

iMw..  83, 

Durtm  .fe  b  Jr<itf>f.  M.,  on  the  cUmitt 

Rnpt,  pluta  of.  404. 

oritalT,  aiT.  Kofr. 
i>Hrcn  g<Ml,  495. 

DtiggtUii,  the,  495. 

C0T««d  by,  36;   hii  diMoverr  of 

the  inftiwria,  439. 

Z. 

Eider  duck,  the,  473. 

f:i«*d,  intelop*.  500. 

&tfj«,474. 

mhru^  eleraliou  of,  48. 

J'art*,  tbe,  itt  ionignificiinci!  in  apnn, 

Elfctridly  in  geuend.  357.  358;  uf 

1 ;  it*  luWrul  fires  2 ;  imtsbilily 

ofiUsh»ll.*.;  duogB  which  h.« 

brought  .bouliUpre»nt.utB,i6.i 

500;  ft«il,  moltitude.  of,  iu  Sibe- 

iu  futur*  dBlroctioD,  il.;  iU  poii- 

liM,  33,  26.  278,  hoIb;  troop,  of. 

lios  in  the  wUr  «it«t*m,  ift.j  it. 

la  South  Afric*.  92. 

diilauoe    from    the    lUB,    *.;    ila 

H-GAor,  *ille)r  of,  84. 

Bonualuiddliinul  reTointioni,  A.; 

Eliat.  Mount,  133. 

Elk,  the,  4B4. 

lire  m^tude.  3;  lU  figure  ud 

EllM.  Mr.  Aleiiader.  bii  eipelilion 

deuitj  deduced  Irom  tbe  perturba- 

to  the  ™r«4  of  th»  GingM,  273. 

liDiu  in  the  motioiu  of  the  nnou. 

Eltoiuk,  Uke  of,  398.  300. 

i*.;  ill   curvature,   ft.;  mode*  of 

El-T^k,4fMtnof.»S. 

determioiDg   tU    form  ud   tat. 

Em;  Au>tr»1iui  ouowarf,  484. 

3-5;  IUrwll<,4;iUGlrCDniferesce 

EiicurJing  reef..  169. 

ud  diimeter.  A.;  eiperiment  tr> 

ucertUD  the  ralue  of  iU  mw,  D ; 

/;««w  period,  the  gkbe  and  its  ii[- 

hibituu  dnrine.  19. 
Epyomi,,  eitlnrt  bird.  485. 

t'owtitulion  of  ite  luriace,  ib. ;  in 

idea  of  iU  itructure  obtuned  from 

Egtalor,  prntubonnt  mall*r  nt,  in- 

mining.  B.T;  it.  •atiquilj',  23, 34 ; 

HucncH  and  u  influeuoed  Ij  tlx^ 

■noonV  motion.  3.  end  noU. 

wittr,  29;  uciant  intenul  utlon. 

149. 

ErAut,  Uount.  1»7, 

Earthmaka,    183-188;    cauw    of. 

£rk,  Uke,  303.  304. 

eSect  OB  tbe  Ml,  >*». ;  elevttloa  of 

the  ETouud,  a.',  XKUtd  of  the  ei- 

EtquHmut,  513. 

relodty  of  the  greit  oMonic  witc. 

i6.;«)n)Hr>UTede*trautiTeiicwof 

EuriHK,  geolseliAt  Tiew  of,  4S-,  mean 

■mill   diMki,    «.;  eilent  of  uo- 

height  lod  *IM  of,  UT. 

duliUow.  d.;  npiditj  ofdeelmo- 

tioo,    187;    p«li»J    ihuL.li..    *.; 

deep  likeiia,  41 ;  geologiwl  nollH. 

elTecU  of  earthquike.  un  the  fon- 

45.  46. 

figuiullon   of  the    conatij,    187, 

.. 

t 
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EVAPORATIOy. 


INDEX. 


Evaporation  in  diflferent  regions,  337. 
Evereaty  Mount,  4,  55,  149,  note, 
Kure^  Mr.,  his  Australian  jonmej, 
154. 


Fairvceaihery  Mount,  133. 

Falkland  Islands,  vegetation  of,  422, 
423. 

Fartiday^  Dr.,  on  magnetic  properties 
of  matter,  374. 

FenneCy  501. 

Feroe  islands,  67. 

Fkhtelgdiinje,  area  of,  39. 

/Vns,  race  of,  the,  518. 

/ire,  subterranean  lakes  of  liquid,  2; 
volcanic,  its  agency  in  the  forma- 
tion of  rocks,  7,  8. 

Fireiiy,  the,  438. 

Fishes,  fossil,  22,  23 ;  geographical 
distribution,  441 ;  nkeletons  of, 
442,  note ;  migration  of,  443 ; 
freshwater,  444. 

Fit z Hoy,  Adminil,  305,  note;  522, 
TMte. 

Fhms:  of  arctic  and  colder  tem- 
]>enite  regions,  38K ;  of  Britain  and 
middle  and  southern  Knrope,  391 ; 
of  temperate  Asia,  393;  of  the 
Indo-Chinese  peninsula  and  the 
Indian  archipelago,  397  ;  of  India, 
400;  of  Arabia,  4(»l:  of  Africa, 
403;  of  Australia,  4(»7 ;  of  New 
Zealand,  409;  of  Norfolk  Island, 
410;  of  Polynesia,  i/>. ;  of  theGala- 
I>agos,  ih. ;  of  North  America,  412; 
of  Mexico  and  the  West  Indies; 
415;  of  Tropical  America,  418;  of 
Extratrt»i»ical  South  America,  419, 
Antarctic,  421. 

/b^-images,  354. 

FiHfs,  how  produced,  340. 

Fanseca  Bay,  305. 

FitrbeHy  Professor  E.,  on  British  fauna 
and  flora,  21,  iMte ;  on  primary 
floras  and  faunas,  385;  his  botani- 
cal districts,  392 ;  on  Egean  fuci, 
430;  on  marine  vegetation,  t6., 
note ;  on  the  influence  of  depth 
on  marine  animals,  449 ;  on  the 
Mediterranean,  ib. 

Forbes,  Professor  James,  on  glaciers, 
44,  note, 

Formosa,  population  of,  513. 

PorsytK,  Mr.,  the  Himalayan  range 


FotsU  remains,  umnciiM  q 

25. 
Foukiha,  an  African  natioi^  51i 
Fourier^t  theory  of  cmtnl  holSl 
Fox,  Mr.,  on  meCalliferoas  ^f*' 

201,  202. 
Fox,  the,  492,  4IML 
France,  ita    high    lands,  31:  Bi 

height  of  its  flat  proTiaoak^k 

mean  elevation  oC,  14S. 
Franklin,  Sir  John,  his  norClMBV' 

age,  243 ;  ezpeditiont  ia  uuA'i 

243-246. 
Frazer,  river,  1-40-142. 
Freshfieldy  Douglas,  ezploratiaiK 

48. 
Fringillidfr,  genns  of  birds.  474 
Frogs,  461-463. 
Ihtri,  or  seaweeds,  430. 
/Wj/o,  Tolcano  de,  123. 
Fusiyama,  pilgrimages  to.  177. 
Future  state,  a   uniTersal  ~ 


523. 


e. 


Galagos,  genns  of  Lemnride,  Stt. 
Oalajxigos  islands,  flora  oi^  410, 411 
birds  of,   482 ;    reptiles  ^  4fL 
468. 
Ganges,  mlley  of  the,  78. 

I  Garda,  lake  of,  297. 

I  Gavials,  466. 
Gecko,  a  species  of  lixazd,  467.       ' 

I  Gems,  difl^usion  of,  216,  217. 
Geneva,  lake  of,  297. 

I  Geoijraphy,  physical,  deflnitioa  i(l 
effects  of  the  intellectual  mf» 
ority  of  man  among  its  moH  9 
portant  subjects,  5.;  coBBKli* 
between  it  and  geological  ib* 
ture  of  countries,  34. 

I  Geological  view  of  Europe,  4&,  4& 

,  Geology,  outline  of,  6«28. 

'  Georgian  race,  512. 

j  Gerard,  Captain,  his  cstimats  d^ 
mean  height  of  the  Himalaya,  Si: 
not  ices  of  its  vegetation,  56;  im* 
line,  ib. ;  on  mountnins  of  1AA 
349. 

I  Gerboa,  or  .Terboa,  494. 
Geyffers,   194 ;    Great    Gerier.  * 

j      Strokr,  *.  ^     ' 

I  QV)b.m,  a  genns  of  monkeys,  4ML 

I  Gibraltar,  Strait,  depth  oi;  36. 

.Gillies,  Lieut.,  on  the  heighl  rfA 
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■    e^M^.  518. 

■       Gi™/-.  WW. 

In,  S2;  tnililiuu  uuDL-emilig,  A. 

H        Qtacirri,  43, 44;  their  riM  <iF  raolioa 

JTau^diV,  its  ToliWiDes,  178. 

^^           ia  the  AI|B,  4a  1  thiiir  coDipiMiliun, 

Htltnda,  68. 

^1           ». :  their  enarmaiu  preaiure,  44. 

ifft/fl.  Mount.  103. 

^B      QMlvH,  492,  494. 

HmijeAofl,  4B3. 

■       e«.(«e*™,  474.      ^ 

ift-VAi.  of  pl«e.,  Ubi.  of,  531-544. 
Hflena,  St.,  flnctiMtinni  of  lh>  D«lle 
It,  387,  369,  ud  nnte. 

H       0<>»<;  Grot,  arw  iuul  elentioo  of; 

H           92  i  cUnult,  t)^,  63 ;  mesD  baiglit 

ff,™™,  Moutt.  84. 

H           14H,  t49,  >w(«. 

Bttf^l,  Sit  John,  on  the  arth'. 

■     6»»i,  dcMit  iif.  aoi. 

otbit,    310;    OD    UD,Fr.lurB    of 

V       ft)d«i.-Jiufcx,  C«pl»iD,  gUcUn  Bi- 

Kil,  a. ;    on  an«  of  reTolTlog 

~             unined  by,  h6. 

•torDM,  332, 

Odd.  OiffuiJan  o^  S05,  206 ;  «ODUQt 

Uiglihml,  of  the  Or«it  Contin«D^ 

of,   uporUd    from   AiBlndi.   in 

47. 

1852  ind  ID  1859-60.  158;  (torn 

Jtiaalayti  duin.  .W;  gi^ofntl  .Ime- 

Calirarnu  dnrine  1857. 158,  mK. 
■         GM  liBliU,  Aiulr«iUii,  158. 

Inr*,  *.;  memi  hdght,  55;  height 

of    iW   poik«,    (6.;    v.11e»i,    ft,; 

H        Qontuuj-Api,  Tc^nnic  i>tei>d  o^  174. 

gltaert,  58;    mow-liuo,  ifi.!    eli- 

■        aortUa,I).e.50l. 

nwt*.  a.;  nnge  of  «gel»tioB,  ii.; 

H       OoUar^,  St..  put  oC  41. 

{Htwu  oC  57. 

H       Onra.  or  gr«>t  crowntd  pigetm,  477. 

ffHvfoo  CooJi,  chain  of,  52. 

HMntan,  pliini  of.  i)>«ir  oiUnt, 

H       Omi.au«i,de«rtof,115. 

TS;  paaiiuala,  7». 

Hipp*lapl»u  dMr  orAriitotln,  498. 

■           .itf,  4.  6. 

OrMt  Cutral  Plug  of  North  Am«- 

flfa.*.,  rolano,  103. 

riCfc    S«  MiMiuippi,  rulltj  of. 

H-Lamt.  tMj  of,  60. 

Otm*   Nonhern    Plain.   68-73;    iu 

Htar-frtat,  .140. 

wil.  71. 

Urmotok  belU,  441.  44^. 

a>»)«(,5i:^ 

Hooktr,  Dr.  J.  D.,  un  AoUnMlo  algc, 

Onrohmd.  19U,  191;  Son  oJ;  412. 

433. 

Hr^tu,  on  the  intemn)  slale  of  th> 

luAiutnlii^iati. 

globe,  311,  noCr. 

(jMoAdro.  tht.  491. 

fforrb,  HoODI  (Jebel  Honni),  82. 

.ffori.oMtodip,4. 

OtM«m,  507. 

ifoTM,  48U;  T>ri«ti«I  of;  496;  tmO, 

490,  «*. 

tilitr,  A;;  ■lintioD,  (6.;  Toliaaoti, 

?ot  tprlngi,  ISO. 

■      «. 

ffoHtioA,  •  gng-ing  .nimal.  508. 

fiWiKu,  New,  iU  liie.  163;  height 

I/o^ltrt.  ■  tribe  of  monkejf,  504. 

Aurfun  ooiulitulion,  il>  fieiibilitr. 

Ouifini,  North.  90. 

520. 

0»(/orH>»cu,24f). 

Hairutn  new,  511;  urmuwDoj  of 

Gi.i-(a,  maantmin  o^  300. 

colour,  532,  523. 

E. 

of  Ifae  femk  of  TenorllTo,  M;  «Mi- 

SaO,  how  runntd,  MS,  350. 

rnnle  of  lb»  memi  hriehl  of  th* 

llim<il.yi,  55;    i.B    tht  •ItriH  of 

tlteAmiiions,llfl;antb'>inHB>o<* 

ff<.&»,33S. 

Barttg,  Proftuur,  on  nnrine  pluti, 

H             439,  «(«. 

147  ;  atimaU  of  height  uf  moui 

M 

cnat  of  the  Pfruaa,  148,  Had ; 
mwarcmeDU  ortilgbiBl  paktnad 
in«D  bcighU  of  Kinnil  muuuUia- 
chBiiiii,l'19,no(r,- notice  of  an  urtb- 
quke  M  Riobuabi  in  ITST,  186; 
of  ealthqaakei  id  Sonlh  Anwrica, 
187 ;  hb  ■UlcmcDt  of  tbe  qauitily 
of  lbs  pradaiu  metali  brought  to 
Europe  fnim  Araerita,  209 ;  oa 
bunmetric  prauon,  330;  on  bo-  < 
^■T^irt«l  Rgioiu,  3B4,  ttittt;  on  the  i 
■g<    of  ■   cfpnu,   426;    on    tli>  < 

^Hfnmin}/-birdA,  4B1. 

ifanm,  Uk«,  303. 

^HprtOmn,  338;  harricuK  in  Ir«- 
lud  in  1B39,  330;  ralu  for 
■voiding,  333.  I 

Buiton,  on  metamorphic  rocki,  9,  , 
nob. 

Vyimii,  Asiatic  (peciiH.  49T  ;  Afrloan  j 
■pwies,  501. 

HydrauUc  tjiiemt  of  Saropo,  258-  ! 
aei;  diTiNoU,  25S;  if  item  of 
th*  Volga,  A.  ■  the  Duubc.  ib. ;  I 
orlgiDoftbtipplicitionarbjilnia-  I 
lio  to  rinn,  360;  •jTBtem  of  Bti- 
Uiu,  f6.,  231. 

Bydrngen,  InflninM  on  ngititlon, 
379, 

Bygramettr,  337,  mI>. 

^yof,  or  trH-frog.  463. 

Hgrax,  or  dunian,  501. 

Hyreanian  UoQDlailu,  39. 


It^x,  or  wild  go*t,  4S4. 

mt,  the  Mcr«d,  479 ;  tha  »d,  482. 

/«« tnonnUiDi,  61. 

/t»,  poUr,  333-241 ;  UH  of.  in  the 
Arctic  OcenD,  340;  north  poUr 
let.  A.;  packad  ice.  Si,;  inbergi, 
338,  341-242;  raloun  ofica,  341. 

Icf,  onaDtitT  in  tbe  Alp*,  43 ;  rivtn 
o(.«. 

Iccifrgi,  338,  341-243. 

leelamt,  193-196;  iee-cM  rooDn- 
t*in*,  192;  gUdsn,  Oi.;  dcMrt, 
19a ;  Tolcuion,  192,  193;  erap- 
liou,  193;  Ko;Hn,  194,  lib; 
fiord>,  195;  products.  (6.  i  cUmal*, 
I,  I96-,  dura,  388. 


/S*. 


,17. 


467. 


their  importance,  I'l.;    aarraja  af 
IhBJr  aaatti,  ib. ;  Hora  of,  397. 

rmiian  dsHrl,  80. 

/i>dci-ainMHpenuuDla,7T;  itaOon, 
397;  iu  population,  513. 

THfusoriOf  thair  nniverul  divtrittv- 
tion,  439.  4^3. 

ImfhfeU,  Captain,  19 

IiUand  Hai,  346. 

/■Mcd,  gmgraphical  dlstriboUaD  «j 
433,  439 ;  nutnher  ot  433  j    " 
■ion  into  familiea.  i'^.;   mofai 
■traction  of,  434,  aaU  ; 
0^438. 

/ran,  plat««n  oC     5w  Pus'a. 

Ireland,  its  icgnoTj,  68 ;    ookl 
trlcU,  313. 

Iron,    diflVuion    of,   312; 
mnnufiictand  in  Britain  in  h 
314.  nob ;  nalnc  of,  in  rranaL<d 
1838. 16.  ■ 

iMalii  foi.  503. 


AoEAgnut  liaa^  314,  31S,  S18,  m 
/tomtr,  moDDtaln,  haight  of.  113.    I 


Jan  Mayen,  iiUiul,  106, 

Japan  ArchipfUgo,  ITT. 

JapaK,  empire  of,  176 ;  tb 

Jipanft,  513. 
.Java,  ralcsDoer  of,  174;  htigU-rf 
TDlcanlc  monDtaioi,  <h.;  daibrt^ 
I  tioD  of  B  monDtain  in  1773,  4 
'  cbntscter  of  tbe  coait,  A. ;  '*  VL, 
lej'  of  Death,"  181 ;  flD^^  9M,  ' 

Jabcl  HoQia,  height  of,  83.  ' 

JiAcI  Okditr,  height  of,  83. 

Jebel  Shomer,  kingdom  of;  81. 

Jrbtl  Tovrejk,  plateau  of,  81. 

Jeieiih   population,  of  Europe,  Slfl 

Jilla,  the  liver.  95. 

JiAtudon,  Mr.  Keith,  hit  Phjatcal 
Atlas,  61.  63,  79,  144,  146,  188, 
226,  259,441,511,519,523,581, 
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V  Joni™,  H™,  USB. 

Z-*«v..80. 

B    Vonijs,  T.ll»y  of;  iUfiiTtility,  8*; 

Europcu  Uka,  1!90.208;  Ailatlo 

■      Jorulh,  roloiiie   raiw,   iU   inildcD 

loku,  298-301 1  XrViun  Uko,  301. 

.ljp«Bnn«.  130. 

303;    AmeriMn   loko.   303-305; 

/•fc",   Mr.,   hii  dacription  of  llig 

Inuparvncr  and  ooloor  of  Uk«a. 

mllln;  of  lh<  billawi  along  lh« 

gr«t  Aiutnliu  tarriBr-rwf,  170, 

Lammti^ibi. 

171. 

Jun,  .1(v.Uon  of,  *1. 

3T1.  K4f. 

vvrcmtf  gronp,  15. 

/.<M(f,  drr.  We  arn,  28-,  lt>  pni|Br- 
tioa   to   Iht   oooao,    a>.:    reUUva 

K. 

qsantiiT    In    tb*    nariborD   and 

Kihan.  96. 

X«ik,  Puk,  58.  300. 

plond,  ^U  ;  area  uC.  <d  ths  varimia 

Jra(caiin-d»«rt,Ba. 

fonlincDU,  rt. ;    jular  land*,  I'A.; 

Salm^,  513. 

tendncT    of   lud    la  auomc  ■ 

JToAmj.  ll«.  497. 

■U  I«Tcl.  187,  188. 

Xamtfhittka,  Hon  of,  390. 

Kam.  Dr.,  IW, 

ITw.^™.,  Sirt, 

of  516 ;  affinily,   A. ;   >puk>D  in 

JTbbSM™  r.1,  508. 

Briuin,  519. 

f  am-X'onMn  chun,  180. 

La  Pat,  dly,  lOS. 

Elba.  •InntioD  of,  51. 

i;<i  Plf^,  OB  the  mnii  d.plb  and 

nabilit;  ofUic  ocean,  149,  150. 

XtOM,  CiM.,  •J45,  f>45. 

XtrgiulfH  Lud,  Tdntalion  of,  4:21, 

iMplattd.  flan  of,  390, 

U^Ut.  M..  on  the  Jordan.  85. 

424. 

Uita<tde,  liner  of,  4,  Bott. 

Kry-rling,  Ginot.  65,  «((. 

JTAoftm.  pUluD  oi;  53,  fll. 

Ifut,  diinu>.n>  of,  209. 

jriKXif,  wild  iH  of  Tihct.  495. 

Lrbnttim,  mnnntuni  oE,  83. 

KOaitta,  Tulraoo  or,  IT«i  «riiplioiu 

LtiAirt.  Mr.,  Wl,  »o(«. 

En  ia.'l4,  A 

/w:M.  tb.,  84. 

KhafAtr,.  474. 

J-rmurs,  502. 

KiiJtajou,  lbs,  504,  508. 

/.roa,  lake  of,  305. 

A-iT,**..  >l.pp«  of,  7a. 

J^purd,  497. 

£<Af,  Sir  John,  bi.  aiparimoDU  OB 

JTota-nar  Uke,  301. 

JToW™?,  91. 

ligbt,  353,  Bo(.. 

Lm,  Profaaor,  31S,  *>«,■  307,  wi*. 
£(j6,  a.»i    onnpoMd  of  dlfl^rat 

S19,  Mt«. 

KoKiMdu,  maiiDt,  height  of,  152. 

rayi,  352 ;  iU  propertio,  ift.  ■,  ab- 

A'Kffl-AiF.  (or  a>>D»)  moonUiiu,  53, 

Bl.  U9. 

863;     poUrlMd.    35G;    influcDn 

on  T>g«Utlon.  383, 

X^orib  I-lasdh  Tolooic  (.bUoI;  ITT- 

Liglttiu'v.  359-381, 
Ziinpopo,  th,.  262. 

L. 

i.«Bta-»K>*o.  "KiTan  upon  Itl.en^" 

XwiMidiH  ArcluHliuD,  169. 

Zim,'  Ih*.  501. 

Ladak,'M\. 

Ladoga,  Inlie  of,  297. 

Soalh  Africa,  91-93. 

Lagvmg  uid  Lagoon  Iilands,  tli*on« 

LUard,.  467. 

ol  their  fonDttioB,   IBT,  IBS,  uA 

LIofM.  506, 

not:     Sa  AIdUl 

ZItoo*  of  ibe  Oiiuoco  and  rtneiu*!*, 

« 

H                  SSd                                             ISDEX.             XKors*.     ^^^^H 

^1                        IIS)  >r»i  i>r.  il,-:   chimcUr,  ib.; 

JTabyoinUHiormu,  313. 

^H                        slinulc,  ih.  \  RddJ]  orKl  conlligrs- 

^^M                        liOH,  111;  Icnipenlura,  I'A. 

169;  liieofiUMolk^. 

^H                    Ifeyd,  Col.,  OD  Ihc  m>D»  ofCgpUpa, 

MalM,    Ur.,   on  orlhqiuika,    1S3. 

^H                        30B. 

1S6. 

^H                    JLooulf,  fiighu  of.  138,  439. 

JfowiuJia,  diritrioD  into  itmnps,  488; 

^H                   £o»li  on  uniOi,  wU  u«  of;  SSOj 

■                     Viod,  ^'.  »^       ' 

JfanmotA  treu,  415. 

H                    Z»<<n.   Sir   W.,   hU   g»1ogial    n- 

Man,  vinred  in  rouerinn  vith  ph;- 

^B                    ZrfinM,  uluxl  of,  IRA,  173,  175. 

Unding  l«  prove  hit  uirteoot  u    r- 

*ioD  into  raas,  512;  hi>  infla^^H 

^B                 £«n  Ukr,  301. 

OD  the  m>ter!>l  worid.  536.     ^^H 

^H                    Zorit,  •  gBtini  of  purroU.  4T7. 

^B                    ZoiuJn,  Altx.,  G«.,  Mrwiat  of  th> 
^H                        "  VMry  of  t>e>t>i.''  in  Jirri,  181. 

57,  300,  495.                               ^^H 

^M                 Zmmtu.  Ukt  of.  ■iil. 

itan/ndi  OB  Ihe  rate  of  tIm  ia-^^H 

^M                 LyM.  Sir  Clurle*.  dirWm  of  Irr- 

l«>doftheoco<ia.24.                   ^^H 

ifoifro. .  ivuit.  400.               ^^B 

^H                        as,  u>t»;  Ob  th>  Allashtnr  motiii- 

Manil,                                              ^^H 

^H                     taini,   14'J;    on   fwit*  haU   kn 

Uanilfyi,  nambrn  of,  511.            ^^H 

^H                     North  Amerim,  147 :  on  th<  co^- 

^V                     fiildi  of  North  AB»ri<»,  31S. 

Marine  uiniali  In  grunl.  Ml.  ^^H 

^H                  £fKr,  the,  i9i. 

Vnniv  OtaWL  455.                      ^^H 

of.  454.                                         ^^H 

H                     of  th>  tint  Tl.*  of  ViMom  Lud, 

Jfarmot,    periodical    ti^mtiaM^^B 

^1                 yaa^jAM,  399. 

the,  4B1.                                      ^^ 

lU.  483.  490,  509. 

H                 JfV^a.  S.V 

Marliui,  Prof«Hor,  OS  Maotwl  j^H 

■                   Jf^»yw  UlimJ,  34S. 

gloat,  3S4,  noCf.                        I^H 

H               Maggior,.  Uk*.  207. 

Jf«.r«l<M,  the.  -20.                          ^^H 

^B                 iCvwKc  equator.  SS4. 

Math,,  ti.n>st,  115.                          ^^H 

^H                 JfaowKir!  fore*,  intaultr  of,  3fiS. 

^H                 Jfmwlio  iDtridUD,  301. 

Jra«rv.  C™r..  on  th*  oolonr  of  flPii 

^B                 J£wM(>c  oMdl^  braVT  nrUtion  of, 

^H                     367-309. 

^B                   JTdfMltDpoIeiorUiiiMrth,  S64 

^H                    Magnitk  tloma,  IWB,  H73. 

^B                 Uagnctio  Tuiatloa   of   liecllnatiDn, 

Foi,  245,  246. 

^B                     .ISH. 

^B                    Mag-Kt^tm,  3H3i  oril]«wtl>,  201. 

244,  246. 

Jf<d,fcr«WMB  S«,  TolcanoM  of;  1 79 ; 

^B                    Maffuire,  Oipl,.  hia  i.hMrviliom  »t 

itl  area.  247;    comparaliTe  Imj- 

^B                        Point  B.rm*.  370,  374. 

peralDM.  rt.;   aonrees  of  anppl^. 

^B                    Maiu.   or   lodlon   coro,  origia   ud 

ih, ;  deplh.  3+« ;  tide*  and  lurrMktt^ 

^B                        CDlton  of,  *U\  42e, 

248.  249;  bed,  349;    coaeta.  O. ; 

^B                   Xalahar,  .ttent   and   b>>g>it   of  iU 

^H                       mooDloliu,  BO, 

tion,  525.                                       ^^_ 

^^L                 Malay  Arcliipeligo,  the  165. 

M„d^.  .hoaU  of;  453,                ^H 

l^bi^^H  ^1 
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MffflMtrium,  the,  30. 

itrionq  river,  UYigstion  nf,  T8. 

HUKtk,  3(t<). 

Mtkrai,  dtitTt  al,  SI. 

Iltelliplugnia,  genaa  of  binlh  477. 

*0H«««,  3^5^37.  ud  <M<<. 

Hendota,  ■  praiiDa  of  Snutl  Anw- 

JroBfBlimo,  iU  height.  40:  s>»"''lr 

of  j«  on.  43. 

W™.,™.,  E«]o.  of  »ptil«,  463. 

MtMlijamgrtr,  Cupliun.  fscli  from  hii 

Mmnra.  or  l)-r»-biri.  *8i. 

ludiio  Trigonometntal  Santy,  53, 

Jf«rii/iiiii,    teireitriul,   3 ;    mict    of, 

69.  370. 

tnouiirHl  bj  N.  Bm«1,  4;  length 

ir«™,  the.  iU  inflacDce  on.  ind  dU- 

of  ■  drgm  of,  lA. ;  nifiuuTeuieiit 

tiui«  from,  the  ranh.  3  ;  iU  per- 

of  M  .re  .1  Quito.  105, 

U^Udi,  litl  of,  199,  aOO,  noU;  diffu- 

al  tbi  polM,  a,,;  iii«|uiaily  In  lt> 

>ion  of.  305. 

motioai  producod  bv  mailer  at  tha 

Jf^toW./croM  depoHt^   SOU;  diroe- 

-rth-.«,«.K*.5.U.. 

lion  of.  202  ;  pMuiiw  to  pMlieo- 

Moircrofl,  Mr.,  hia  aaoent  iit  th*  Niti 

lu  roclM.  ai)3. 

i™..i7;onthept.ogo.,39L 

J/o«..A,^.  or  elk.  50a. 

l.rm,8. 

*o™r«.,  43. 

J^.irtro.   Uble-Uod  ukd  roountriiu. 

JfoHOT,  faalght  of,  70. 

Ilifli  dim«Mios<,  13»,  130i  oiljr 

MiMquilo.  the.  437. 

of.  130;  Ti.lcuoM.fl'.;  ItanDau. 

ilimnlam-cA-iini  a  barrier  lo  inMCla, 

A.;  *«g*tMioii.  ih.;  Hon,  415. 

JTiUu,  1  gMU  of  monk*p.  505. 

Jf«i>.tam>,  fbmi  of.  a:i;  inlernip- 

tioD.  in,  35  1  table  of  the  heighla 

Millar.  Ur.  Uueh.  on  tfai  old  nd 

gloKSai.    "^ 

Hmd*toi»ofS«>tUod.  U,>wt(. 

Moujkm.  m. 

JTiUrf.  iU  cultinUon,  4:16. 

Uur^mm,  Sir  RodiHck  I.,  on  forma- 

MUtu*.    Lord,   rouU    RiJloval    br. 
1 40. 

tlou   in   Ihe  Silorian    iticki.   11. 
HoU;    DeTonian  rwka,   13,  wfc; 

'Jnff.modtofopgning.SOS;  nntl- 

Permian  tjiUa,   14,  18j  on  tlie 
geology  of  the  Altai    chain.  S5; 

UlioQ,  304;  draiaat*,  A.;  iuoM>, 

ft. :  d«I>th,  305. 

ai>r^ha   In   Iht  Ural  mouaUii... 

TllDOof.  ID  18«T.  ai4^»t<F. 

69;    oUerratioiu  on   China,  77; 

jr*H'rWv>li»,IJIIIi>EoI.301;  Hi:he4t 

plnli<Tla  diaoovery  of  gold  in  Au- 

D«r  ttw  ■urfic*.  302. 

tralia.   I5H:   on  U»  elnaUon   of 

JTioow  period.  th<  elobs  and  lU  io- 
habiuaii  duriog.  IS. 

laud  about  the  Catpian.  399. 

ilutk-dur,  moacbiu.  486. 

J^dw,  3M. 

Jf<ut-of,  503. 

nct«r,  135,136;  MotlitrD  dcwtt, 

Jlyw«.  Ubie-laad   of,  height,    79; 

'«4I.  it. 

Ugrain,   lake,   origin  of  iU  Dane. 

6.litK,  ib.;  fnitim,  ii.-.  forM., 

437. 

13T;    WW  lUtes,   ih;    principd 

■. 

IxkH.  A, 

JfiteAtH.  Mr.,  flj  on  th.   atiiw  of 

Mrthqiukn,  quot^  184. 

Sign  tHhea.  514. 

Jf«9o/T.rt.rr««,  511 

Kijid,  province  of  Arabia.  4M. 

Mongolia,  iU  ■iluiioa,  63. 

A'hIdc,  r«all  kinl.  486. 

JfoniMr,  g»Dti.  of  rtptil-,  17.  467. 

XtUI<  tribe.  S99. 

MciUltiia,  A&icu,  501;  Am<Hi>n, 

AVh  Siberian  Mends  ISii. 

504. 

*»»  Z-aand,  lalanda  of,  160,  163; 

^ 
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mounUiiis,  161 ;   harboan,    162 ; 

provinces,  *b. ;  flora,   409 ;  birda, 

464 ;  inhabiUnU,  518. 
Newfoundland^  population   of,  143; 

distance  from  Ireland,  i6. 
Ngami,  lake,  91,  301. 
Niagara^  river  and  fall  of,  304. 
Ntcamgtta^  plain  and  lake,  area  of, 

122,    123;    lake,    304;    isthmus. 

305. 
yig*^,  the,  2G7. 
Nii€,  93-98;  vallev   of,   9G ;    river, 

263-2t>6. 
NiUfht'tnf  mountain.^,  height  of,  79. 
Niti  or  Netee  Pass,  57. 
Nitroijen  containeil  in  the  air,  377, 

380  ;  in  plants,  379. 
Nitrun^  valley  of,  its  convents,  98. 
North-trestern  passage,  242-24(J. 
Norway,  character  of  its  coast,  67. 
Nor-Zaisun,  lake,  301. 
Notomis,  486. 

NotHiii  Zcnilia,  flora  of,  389. 
Nutme.f,  the  plant,  399. 
Nyanztiy  lake,  93. 
N'yasiui,  lake,  92,  302. 


0. 


Ocuujs^  Great  and  Little,  97. 

Oats,  425. 

(Xvan,  the  proportion  it  bears  to  the 
land,  29 ;  mean  depth  of,  149  ;  its 
l>ed,  218;  size,  219;  sandbanks, 
220;  pressure,  221*;  colour,  220- 
222:  saltness,  222,  223;  tides, 
224-227;  waves,  227-229;  cur- 
rents, 229-236  ;  temperature,  237, 
238;  polar  ice,  238-241;  inland 
seas,  246-251 ;  agency  of  the  ocean 
in  changing  the  surface  of  the 
earth,  251  ;  its  fauna,  441. 

Oijaxcai,  its  discovery,  263. 

Okhotsk,  gulf  of,  32U. 

Omfin,  height  of  its  mountains,  82. 

Onega,  lake,  zl[)7. 

Ontario^  lake,  303,  304. 

Ooiitir,  tir  Jurassic  group,  15. 

Ophir,  of  Scripture,  the,  89. 

Opossum,  16,  504,  505. 

Oranyc  river,  90,  261. 

Oranij'outnng,  498. 

Orientil  plateau.     Se^  Tibet. 

OrinocOy  river.  111;  its  cataracts, 
A. 

OmythorkynchuSf  509. 


Oacillationa  of  the  pendolimL  Set 
Pendulum. 

Ostrichy  the  Africui,  478;  the  Ame- 
rican, 482. 

Otter,  the,  493. 

Owen,  Professor,  his  difooreries  as  a 
geologist,  21;  on  extinct  biixli, 
485,  486 ;  on  British  fossil  quad- 
rupeds, 493. 

Owhyec,  its  volcanoes.     See  HawaiL 

Owts,  474. 

Ox,  490 ;  varieties  of,  495,  496. 

Oxygen,  its  influence  on  vegetation, 
377. 

Ozone,  307,  308 ;  daring  auroral  ap- 
paritions, 375. 


P. 


Pacaya,  volcano  of,  123. 

Pachydermata,  19,  490. 

Pacific  Ocean,  islands  of,  151  ;  vol- 
canic islands  in,  173;  great  volcanic 
zone  in,  i6. ;  areas  of  elevation  and 
subsidence  in  its  bed,  177  ;  its  size, 
219. 

Paiofulithic  implements,  discovery  of, 
•>7 

Palctotherium,  20. 
Paiapteryx,  fossil  bird,  485. 
Palgrare,  Giftbrd,  country  explored 

by,  81. 
Palliser,  Captain,  140. 
Painkt,  distribution  of,  401. 
Pamir,  table-land,  54,  300. 
Pampas  of  Buenos  Ay  res,  114,  llo ; 

their  elevation,  115;   floods,    t6.  • 

conflagrations,  ih. 
Pamperos,  huiTicanes,  334. 
Pananui,  plains  of,  extent,  122. 
Pandanus,  genus  of  plants,  408. 
Pangolin,  or  manis,  497. 
Pangong,  salt  lake,  60. 
Panthers,  497. 
Papuans,  513. 
Paradise,  birds  of,  477. 
Parima,  mountain  system    of,    111, 

112;    Sierra    del    Parima,     111; 

musical  rock  in,  t6. 
Parry  Mountains,  198. 
Parry,  Sir  Edward,  545,  note. 
Pasco,  silver-mines  of,  106. 
Passages  across  the  Atlantic,  328. 
Passes  of  the  Alps,  heights  of,  41. 
Patigonia,    desert    of,     114,    115; 

climate,  114;  geology,  119. 


I 


Pnatri,  or  South  Amaricui  hog, 
50&. 

Pfiagio  itUoAt,  JuscrlpLiDo  of,  IHO. 

Puititr'i  sipErimenta  on  Ibe  hut  of 
Ihr  sarth,  iOa. 

/•wulu/um,  Biparimenls  with,  *-fi  j 
it«  oKJllatioiu  iafluFDHiil  bjgnii- 
tatioii,4;  lamtiooi  iii,5j  «iperi-  ! 
minU  with,  for  uuirUining  com-  ' 
pmiDn  at  th«  polu,  i,  5 ;  ^etitwl 
bjr  (olcuiic  iaUniU,  b. 

Frnguint,  •oulhtro  (AptcDodjta),  . 
48S.  I 

/'tfimintJiu,  thei  r  Muth  wird  t«Dd>DC7, 
30,  31 ;  form,  31.  I 

J>nifij,  CipUiti,  19(1. 

i>n«(ind,  Mr.,  101,  IW;  hi«  mm-  , 
•unnieDttofConllllcnusiidtnoaa-  | 
UiU  of  the  Amlis,  105.  note ;  nnd 
of  thflr  puHi,  109,  iwlo ,-  his  du-  | 
covecj  of  ■  TolcMilc  cnUr  in  the  | 
Tilley  of  the  Yueay,  117,  no(«; 
rtnd  of  ibuil  thelli  is  Bollvb  and  | 
f fro.  119;  on  meuurement  of' 
higbsit  pukt  and  maan  heighta  of 
■event  moDatAin-duini,  l't9,nafii,- 
faia  map  of  lake  of  Titinca,  30U, 
nolo  i  no  boraij  Tiriation  of  the 
barometer,  ^30. 

/V/^wr-hw.  399. 

Perfuma  of  flowen,  ««»  of,  380. 

Prrmian  (jitem  of  Str  R.  Murehiaua, 

114. 
J'«n*i,  table-land  of  (Plateau  of  Iran),  i 
19;  aitnt  nf  Peruan  moiinUiua;  ^ 
50;  gTMt  aall  duert,    51;  Uora.  I 


u,   or   Procellaria,  473, 
4SS;  ■tormj',  lb^  473. 
I  J'Ao'WnAm-iH,  or  Afriaui  hog,  501. 
I  MmhMi.  dliTerent  ipedH  of,  IT'i. 
I  Mo«r.  or  ttala.  454,  455. 


I  natomeUr,  353,  ■»». 

I  PhgHiiia.  447. 

T  fkgilen,  or  cachalot*.  455. 

^  noWiuAa,  btiglit  of,  lUT. 

I   itUAjfton,   Mr.,  on   the    lavrs   of 

■tjirnu,  333,  halt. 
I  i>At,  Lieutmaul,  24.^. 

~  net*,  3,  3;  Ihelr  uugnitude  nla- 
ire  to  that  uf  lb»  earth,  3 ;  their 
Dtluemw  on  tbe  earth's  muUoD.  A. 
|nip>t>,  foaail,  36. 

,    nomriihineiit    of,    376-380; 


during,  31 ;  discoverie*  of  perfect 

aniniali  hurigd  in  tbia  period.  32. 
Papfiig,  Dr.,  bit  'Traveli'  qnoled, 

101,  103,110,208,452. 
Poetry,  |iRSHat  ttate  of,  450. 
Polaritalim  of  light.  35U. 
PoU,  North,  reasoiu  for  the  etutenct 

of  laa  at,  340. 
Pdei,  compresaioQ  at,  ascertaioed  bj 

pertnrbatinu  in  the  tnSon's  mo- 

tiona,    3;    by   osciilatloni   of  tbc 

pendulom.  4. 
Polipietia,  flora  of,  410. 
Popocatrpttl,  DiaBDtaiiii.  130. 
FiipulalkM  of  the  vorid,  511,  and 

**•;  of  Europe,  SIB,  iM*. 

ForpoiK,  gtaai  of,  455. 

Porto  Rlwi,  dimenitoiu  and  ciimalt. 

136. 
FortHgal,  flora  of,  393. 
PiMiitt  Bay,  barboni  of,  T5. 
Pott-iAiocene  period,  diicunriei  ttnd- 

Ing  to  prove  the  eiirtcnce  of  man 

daring,  27. 
Potato,  eountrjr  ot  420. 
Poloni,  the,  height  of,  104,  note ;  citj 

of,  lU  elevation,  105;    iti  mioea, 

208. 
Prairie  dog,  a  nuumol,  503. 
Prairie  wolf,  .W3. 
PnmjOM,  391. 
Proni/biiei  antelope,  503. 
Proteta  angninna,  463. 
Puna,  or  American  lien,  504,  506. 
PrnjiA,  80. 

Pyrameii  cardui,  ■  bBttorSj,  435, 
Fgreimt,  37. 
PjrUon,  genua  of  maliea.  465. 


Qitadrvmaiia.  or  monkeji.  488. 
Qtnulrapedi.  Karopean.  493 ;  Aaiatit. 
494  ;    AtVioin,    499  ;    AmeriCMi. 

501!;  Aualralian,  508. 
Qiuigga.  apecie*  of  hone,  500. 
Qtiartarii,   itrtiiew   rtfarml  to.  144. 


ir^^^H^I 
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OHi^liJ»r,  ilttaoM  or,  310. 

rock,  la  Ihe  Alp^  45. 

Mj  vt  gBitB.  A.;  muuuiucnU  of 

t)»  Idou  in,  A. 

««*rai.«,orpia.m.4e8;  AraertN*, 

S. 

Rog^;.   H.  D,  hi.   •  Vbynmi  ^^M 

grapbj  af  North  Amtriaa*  itU^^I 

Europe.  517. 

13a.  144,  U6.                          ^^H 

JM..  of  ch.  «rth  muund  bj  U. 

fi^J.  a   .pMie.   of  wb.1.,  ^H 

B«Ml.t. 

Jtq^n,  Sir  S.,  DB  Ui«  vggtUtiom  of 

ffou.  Sir  Jam**.  Ua  4U«»*«^^| 

hn.  399. 

Victoria    Laud,    l»e.  545|  ^^H 

SaiM-^  Uk<.  300,  496. 

hml  bj  iw.  detcribed  by,  M^^H 

348. 

^^H 

irdMwM,*»S,  35ft. 

^atlwfwt,  3M, 

75  ;  enrraachment^  A  ■,  Mlati^^^H 

wiliiDiit.  34(t ;  niay  dan  in  nmH- 

mm  in  Prkiu.  77.                    ^^H 

Sye,  cultiraliou  ot.  425.                ^^M 

OM  coDDtria,  347. 

^H 

the  pendulum.  5;  Mt  St^^li^^^ 

JiMJiCia  Itaj,  30S. 

SabitU,  W.  a.  M  (tomu,  333.  notr. 

W  Sea,  249;  rolouie  ngioa  af, 

ofChiiw,  ^Mwto,-  ■>■  tlM  M^^H 

atlrartiTa&rceea  tUatiAa^^^H 

319.  hbU:  on  tenvtrtel  M^^H 

Mtiim.  AM,  i*ii,  natt  [  m  ^^H 

ffi:rr<>.'(<«lorilgbl.353. 

netiim,  365.  not.'.  3SfrJ70.     ^^H 

Beit,  Qmtni.  <m  itoniu,  333,  neU. 

&>A»u».  tnchytic  don*  of,  lu  hi^^H 

Beit>iktt  Ukt.  U(H. 

^^H 

fr/ieilei.  fKttMiy  diriorbed,  460; 

Sokara  d«Mrt,  97.  99.                 ^^H 

hrbvtwtion.  a.;  FUuifieitlon  of. 

Salamawicr;  463.                           ^^H 

Salt,  diffuaioD  of.  315.                 ^^H 

4«a. 

■  UtttJuU:  tbo.  fiadisg  of.  243. 

ith'Mornu  of  AM*,  4t)T  j  o(  Sunutn, 

Santa  Unrlha,  group  <«  IW.      ^^1 

498;    of  Atrlo,   500;    fwril,  uf 

S«ratoK299.                              ^^M 

8ib«rU,  379.  nott. 

SauH^,  Older  of,  14,  4661  <d«^H 

catiuD  of.  460,  »ola.             ^^^M 

Ai».  culUntioD  of,  42S. 

fiitWfui  ebaia,  6.1.                           ^^M 

the  fauiu  of  North  Antrka  qaoted. 

67 ;  eitent  and  elenUoB,  GSil^^H 

1*7. 

of  the   »me  notem  aa  tbtaj^^H 
Feroe.  Britain,  Irahuul,  aad  II^^H 

£mi..  Dr.  B..  190,  191. 

easlem  Iceliind,  67,  6S.             ^^^H 

JNHn,  origin   of,    S54;    courH   of, 
355;    •docitt,  250;   junctini  of 

180;  unanrfact-walerofAU^^H 

riven,  350 ;  inflBenoe  of  wind  and 

and  Pacific,  222,  aotf.               ^^^| 

fe>t,  a.;  delui,  357;  tid«,'i6.; 

AmkU,  it-i  iBODdatioiu,  ib.;  he«li 

of  riven,  -25B. 

i(»c*t.  their  di™on  ioto  four  oUnca. 

ScA<»*«.«,  Profi-MT,  307. 

6,  7 ;  L  plDtoDic  mchi,  7 ;  ii.  vol- 

Sduxt,  ProfwOT,  on  bolwlotl  rcKioiu. 

384.  nor: 

rock^  8.9;  It.  nqueou.  r«^k..  9, 

BchiaAe,  H.,  OD  the  lolar  apoU,  376. 

10  i    rodu    piwced    by   Uva,    8; 

Hhl^l^^H 
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455,468. 

So«»<  iW  .p«>i.  363.  1«U. 

S»7.«m^  438. 

South  miigiietic  pole,  itt  litiutloo. 

198. 

diwetion  of,  87  ;  tsblB-l.nd,  height 

Satlh  Wilu,  New,  [rhuncter  of  th» 

18-2;  e«l-io»Mnn»,  aiS. 

coontrj,  151;  jtroctoM,  153. 

Am.  it>  m^i.  d.pth,  5!  liH  »d  bU 

Und,  arm  of;  38  ;  pluits  of,  36:1. 

of,  .ft«  BO  Hinhqiaka,  184. 

Spidtrt,  amnltn  of,  438. 

S«  roiliH,  4»4. 

Spit-lxrgen,  191. 

Smh,ib4. 

Sprinni,  tholr  origin,  253 ;  inlermit- 

Se-Hteeds,  4  J9. 

tint,  253;  tcDip«ntnre.  i'l. ;   bol 

.Bring..  234 1   tnodioin^  .pring^ 

rf,;«liM.pringis'4- 
Squallt,  Kri-hed,  334. 

th>  hot  of  the  urCb,  am  utd 

onto;  meteorologicil  obMrvallom 

kt   Romt,  345;    on   Letlw'i   pho- 

SqHimU.  fljing.  497. 

St.  JFftM.  Monnt,  height  of,  133. 

tnmeWr,  353,  «oti. 

Ami,  modf  DrdtTelopmsnt,  377. 

Si.  ffftw-i  fire.  363. 

SMrio,  put  of,  iU  heigbt.  41. 

Stepixi  at  HJutern  Earope,   70-73; 

^t  «>tent  of,  Tl;  dimale.  ffr.; 

OxAet  Uka.  368. 

St.  Laiumec,  linr,  304. 

ab<p,  AilBtic,  4»5. 

J?(o»;!rW.d.te.  16. 

AM  Aftictt  riTtr,  93. 

iSUwi.  Ukc  93. 

SiortM,  roUtorj,  330. 

ffl>ni,kiDgdom.f;T8. 

Stmta,  priniMj  ft«iliftroi«,  L  10; 

Bteria,  64, 65 ;  iu  »m,  l!i ;  minard 

Combrion.  a. ;  IL  lower  Silnriu. 

ilehM.  •t.i  »ll,  A.;  climuM,  ib.; 

11;  aLopperSiluriui,a.;  yonngw 

«on,  389,  seo. 

piLimKrfc.  11 ;  DevoniM,  1S|  mr- 

flWy.  piMt.  of,  393. 
iSbrTT]  d«  Cordon,  103. 

.AbrradoUnr,  113. 

•lone.  14 ;  Kw  red  un<I>toD^  ilt. ; 

Jbrr<<do<Vcrt«it»,113. 

Atrm  KUdn.  131. 

17 ;  tertiary  itratii.  divided  l.r  (Mr 

aUuorm,,  *Si. 

Ouriej  I-jeil    Into    tJHTin^   Mio- 

OfnH of  th«  Anuou.  lla-.  deu. 

cene,  nnd  Pliocene,   19 ;    boulder 

TiigoUtios,  113 ;  »n  of  womllMul, 

funnaUon,  33. 

A. ;  Hnmboldt'i  dncHptiou  ot.  >'». 

Strata.  tartiuT,  of  ihe  Alp>.  hnjgiil 

jet>rr,  diffailon  of,  U07-UUS ;  In  m- 

of,  45. 

wilcr,  393,  iwlt. 

.^(»Mew,0>laDel,UbIe-k«dJnKanor, 

MwyiiV,  ■  >pMi«  of  apt,  488. 

55;  eleTiilion  of  the  acred  Ukei 

«h<.i,»™.pof;83. 

Mm  of  tho  latitudo,  4,  Mto. 

ti.ni  of  Weeteni  Tibet.  59:  f*ll  of 

Sr-i-Kti,  lik«  of,  300. 

Sli^tar  Jockal,  ornption  of,  in  IT83, 

ohsiB.  In  Tibet,  BO. 

193. 

Slrtckry.  Mr.,  snow-line  on  Himn- 

Mnw  lake.  304. 

Uj»n  moontiinii,  M. 

S«t,  DBlare  of,  349. 

BtrtmMi.  arnpllou  of,  179. 

Ahc  Br»D,  uw  of,  6S. 

«wfcf*i;Coont,  153. 

Siair,  huHT  uTfirtaMd,  348;  form  of 
it!  erj-iUU,  it. 

SI«art.    M-PoURidl,    hi.    Ai«tr«li«n 

jounieT.  155. 

*<kJ.V,  ib,  h-ight  on  motml.™  in 

Stun,  C'ptein.  310. 

different  Utltud«,  348  ;  i(>  limit 

Sathla,  the.  39. 

on  the  plaiDs,  349. 

• 

^ 

^^^^^^t92             mnuni.              INDEX.              TrJiniu- 

^M                SHm^tn,  cbarncur  of   tl»   uIukI, 

■ 

volcMiic  ch»iD  nC  S3.  61,  &1 1  not 

v«lc«iic,  179. 

^H                Sun,  biB  mint,  a;    bMting   pewsr. 

r*o™..  St..  i>lud  of,  Ml. 

■                ao9. 3ta 

7»wiHj(r-itonu,359.3«L;  MMMot 

3SJ. 

H                 £!,Juy,  dty  oi;  Hi. 

TVtNiriru,  Uke,  398. 

^H                   Syrm,  gcaiu  uf  Rp(ilt>,  458. 

^H                   5yr>ri,  S.l :  itj  kJI,  M  ;  dttariuntiun 

teaa).  iu  ma  ud  dtitiuU,  4A; 

iu  farm  alxl  ritiuLM*,  S3-6a  ;  tl* 

^H 

width.  53. 56 ;  HTcrinicm  ot.  5ft; 

^H                   ■i'lRon^w,  ann  uf,  Id  Daonurk,  TO. 

mun  height,  148  ;  Hon  o^  391. 

7V.li,  iDdueBce  of  ib.^  niD  u>d  nooa 

H 

upoD,    223;    ipriDg-tidH,    a34; 

^1                  Tuf^lt-tindi,  l).<!ir  toil  ud  clinuto. 

^H 

gioal    lido,    i*.i    rdodty,    226; 

^H                  TiiUir   Hounlaia  IVapt   Town),    it* 

hoight.  of  llde^  ft. !  yarUtlon  in. 

H                       h«igbt,8H. 

^B              TiiA^f.;  17a 

Tmrm  del  Fnego,  .ccount    ot   101, 

H                    Jb»gcr.,  Axuricu.  UnU,  461. 

114;  geologr,  119;  How,  431. 

TigiT,  mtX,  Goaatrr  of,  497.            j^H 

^B                   ronsranVu,  rolcwo,  IBI. 

IVn.  diffniloD  oC  310.  211.            ^^H 

^H                 T^in^iwii  mountuu,  S3. 

TI-Mintw,  sn  Amerioa  bird,  48S.^^| 

^H                   7a>>ir,   AmericBD,   4S0;    Indiin    or 

Titkaen.  Uke    of,   106;    an«  ^^M 

height,  305.                              ^^H 

Toids.  461^3.                              ^H 

^M                 Tartary,  flon  of,  3aa. 

Il>^obt,  elevotioD  of,  148.                ^H 

^M                 Tan«nia.  157  ;  u«  o<;  t*^- 1  monD- 

7brn6on>,   volcaaic    eruption   <£  J^H 

^M                       Uim,  «.;  nil,  tb.;  ■tnutan.  ib.; 

1S15,  175.                                       ^H 

^M                      Cora,  409. 

Toub  Uke,  399.                           ^^| 

^H                 7\i«f>u,  Lake,  161. 

TVtoMxi,  466,  446.                        ^H 

^H                 T^iSMu'',  Mr^  description  cf  u  icc- 

^H                       tlom  in  CuuuU,  139. 

^H                   Tashr,  Ur.  A.,  oo  •IcnUoD  In  Ui> 

426,  427 ;  age  0^  437.                  4^H 

^H                       bed  otthe  o«(D,  218,  »(.. 

^H                   Ibytor.  John,  iiiq.,  oo    the  Coriiuli 

4M.                                                  ^^H 

^H                       mloei^  204. 

rnM  de  roch(,  3B8.                           ^H 

^H                   TcAoiJ.  rirer  and  iokc,  BS,  3U2. 

rri((ii>n,  Rev.  H.  a,  oa   (h«  F^^H 

^H                   rcn,   cultintion    ud    Tuiatito    at, 

^M                      305,  3S6,  H)I<. 

udnotir.                                      ^H 

^1                T.l,«a.itq^  i>thi>iu  Of;  123,  123, 

r«5K«,  481.                                   ^H 

^H                   804;  l»T,  SOS. 

7h«p<^,  481.                               ^^H 

^M                  TilmratA  to  Amcriia,  220. 

rrfl»,  l>ikc  df,  387.                           ^H 

rxn-po,  river,  Sfl.                           ^H 

^m                      at  oaj  place,  313;  dtll;  ud  u- 

Tui,  ■  New  Z«<ilud  blnl.  480.        ^H 

^H                       Dual,  31 J,  note ;  high«t  oUerred, 

nii^.  or  ChiasM  Tartary,  i*a  n^^| 

^M 

graphical  position,  ut  Torktrti^^^l 

^M                Temperabtre  of  the  ocun,  337,  338 ; 

ri.r*«i™,  54,  72.                             ^^H 

^H                   atntiuu  of  GooMaat  t«Biperutar«, 

ntrb,  51S.                                          ^B 

^H                   337  :   line  oT  nuuimam  Mnpom- 

T<irtU;  468.                                        ^H 

TWaoA  graa,  432,  433.                     ^H 

^H                   and  inlimd  m»,  347,  nott. 

TVtT^I,  duration  of,  363.                ^H 

^M                Tatriffn,  Peak  of,  104,  331. 

7V'>''»'',  Profeuor,  on  the  *<»<>rii^^H 

^H                   remir,  Mowil,  19T. 

power  of  Tsponr,   309;    on   l^^^l 

^^^               reutontc  nuee,  51T. 

colour  of  the  ikr,  3SS,  note.     ^^H 

IHi^HHP^H 
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V. 

^H 

Ubaborg,   deereue    of    nunrall    to- 

tVoArrt,  473.                                                       ^H 

w*Td>,3ia. 
United  Stalo  Umtory,  143,   lU; 

W^iatMO,  the.  kingdomi  of.  91.                       ^H 

Waikitoa  Ti7tT,  l&l.                                          ^^M 

area  of,  144. 

Wahi,   eartbqiuku   in,    I»2:  <»*1-               ^H 

mlnn,  213,  313.                                         ^H 

IFattinT,  Ur.,  163,  16».                                 ^H 

b«igb^  ib.;   mineral   richu,  >b.; 

IFxpiN  deer,  303.                                           ^| 

W»(<r-e;K>t>t>,  336.                                          ^M 

CVi^iuA  l'>k^  S99. 

Wavti,  eaoiei  of,  237 ;  height.  377 ;                  ^M 

groODd-swall,    338;    billows.    A.;                 ^M 

l7(aA,    Great  Salt   Doert   «£,    1H2; 

■urfiit.;  fbr»of<ni*e>.ii.                            ^M 

]Bk^  133. 

WiaiUn  tUj,  17.                                          ^H 

V. 

WcfldcU,  Dr..  oD  cinchona,  417,  m,U.               ^H 

K^iTK-ri,  505.                                                       ^H 

"Vofleu  of  Death,"  18>- 

irnhrm   Alia,    i»    tabli^-lanJ.   wd               ^H 

K.U«yofllieG«oge^TB. 

moDdtaini,  47-53.                                      ^H 

Pa;;<(y  of  IhB  Jordan,  83. 

Wril  iDdianlalandi,  12ti-t38;  Le>«r             ^H 

rompira,  iti  habitat.  489. 

Anlrllea   (group),    13li ;    Greater             ^^1 

Von  Ditroea'*  Uud,  or  TaJunaoia, 

tare,  137.  128.                                           ^H 

id,  i  rtracture,  H. ;  flora,  409, 

HTki&i,  455^50.                                           ^H 

ran.  take.  50,  299. 

VFA«I,  nrietieaaDdcaltivatlun,42&.               ^^1 

foneOKotr    bland,    iU    importana, 

Wl.ail3to,«i,  Profeuor,  hi>  clock,  3S7 ;              ^H 

134. 

niDg,                                                                  ^H 

TariabU,,  the,  32*. 

H'AiWin'a^  335.                                                  ^H 

Vftjetatitffl,  mode  ot,  376 ;  cfftcta  of; 

mU  anlmala,   troop  of,  in  Soulh             ^H 

oa  the  almoEphere,  377;  marine, 

Africa.  92;    their   extraordinary             ^H 

428. 

(ameDesi.i'A.;  Damberof.iaEnropc.             ^^1 

r^niffua.  CotdUUra  ot,  ita  height. 

^H 

122. 

mffi.  Aiutralia  eiplored  by,  155.                   ^H 

TtfneMO,  M.  de,38,  39,  «rte:  85, 

(Tindi,  theory  of,  322;  trade,  it.                     ^H 

piol«  1  nuarchM  In  the  Ural  Moun- 

WM  fiinr  Mountains,  131.                             ^H 

l«iui,69. 

Winnipeg,  lake,  304.                                           ^H 

Kjrmgo  ri™,  418. 

WM-nbie,  492,                                                       ^H 

FfmnVa,  emptiona  of;  179. 

Tictoria    Uod.   I90.1SB;  ice   cliff., 

HraR^cJ.  Admiral,  on  the  climate  of              ^H 

196,  197 ;  mimolain^  196 ;  iti  ap- 

Siberia,  73  ;  hit  attempt  to  reach               ^^M 

p«aranoe  deecribed,  197. 

the  North  Pole,  73.  hoW.                               ^H 

B        Victoria  Nyanu  Lake,  93.  303. 

irttfn-,  lake  oT,  3U0.                                     ^H 

M     Fi»>».50e. 

■     Fait,  H.,  author  of  the  aneroid  bare- 

^^1 

V        meter,  318,  Mi*. 

^      na-Hca.  rolcuo  oC  118. 

j:arti^.  lake,  305.                                           ^H 

FiUe,  M.  de,  307,  Mhi ,-  379,  noU. 

F5«r.,  464. 

^1 

Fuc«>bi,507. 

480. 

r-MmaM-  KhKbet,  range.  64-                           ^H 
r<i*>(>i,  "the  euldMl  town  on  Ih,'            ^M 

Fofcawerupliooa,  freqnenoy  of,  180. 

earth,"  73,  316.                                        ^M 

Volcanic  iidanda,  173-177. 

Tomi^teAo,  lake,  300.                                  ^H 

Volcanoct,  eraption*  of,  8,  9 ;  active 

ror^tonrf,  plaleao  Oi;  53,  61.                            ^H 

toleanon,   180-181;    nomber  of. 

rr»eaci,  278 ;  don  of,  39U.                            ^H 

k 

r*"-.  in  B"'"*'  »*1  "^^  ■*27.                    ^^H 

Zealmd,  New,  its  monnUiiu,  160- 
\Gi;  nnut,  161;  geaenl  charsctei 
of  Nonh  Iiland,  161  j  of  Middlr 


162;  hirboors,  tb. ;  proT 

flcra,  409. 
Zeinj,  500. 
Zei$lan.  lake,  399. 
2ini«,  their  brexltli,  4. 
Zona  o(  mtaioK  life,  448-4< 
ZaugamuT,  91,  S02, 


outb,  i6.;   glacial    lakes,  :  Zaritxh,  mush,  299. 


MR  IIDEBAY'S 

GENERAL    LIST   OF. WORKS. 


.   Fnp.  hnt. 
ABBOTTS  (RiT.  J.)  PbUlp  UntgnTa ;  or,  Hemoin  at  ■  ChaMh  of 

EngUud  Kiulourr  'n  t^*  "■>"&  Amuliu  ColonlM.  P«t  tro.    li. 
ABERCROHBIE'S  (Josn)    Eaqairiei  conMrainp-  tha  InttlleetMl 

Ponn  Hid  th«  InmUiaUoB  af  Truth.  EigkUt-M  WWm.  Fmip.  Bro. 

PhiloMphj  of  the  Honl  FeaUngi.    Fovrteenlk 

EMiflm.     Foap.     Std.    fj.  4kf. 

ACLAKD'a  (Kit.  CaiBtn)  Popnlu  Acconnt  of  Uw  Human  ud 


AOEICITLTUEAL  (Tni  Roial)  SOCIETY'a    JOURNAL.    8ro. 

AID3  TO  PAITR :  &  Serioa  of  TheoloBictl  EukjL    Bj  Ttrioni 
WrtUn.    EdlUd  bf  Wu4JtK  Taouui,  IU>.,  AnbUdiap  vt  Yoik- 


ASMTLIST(THi).P><UuAAfifo»CU|iIv.JulA«nrp.  Igmo.  UCd 

ARTHUR'S  (Lini.*)  Hlitorj  of   Engluid.     B7    luDT   Calmoti. 

A-n  Uilk>i,  oMunwl  M  lan.    WsodcuU.    Fs^.Sro.    It.M. 
ATKINSON'S  (Uu.)  Recollectlib*  of  Ttrtar  Stappta  ud  thalr 

InlublUuiU.     llluitraUoiu.     Foil  §Ta.     111. 

AUNT  IDA'S  Wdki  ud  Tilki ;  a.  Stoi;  Book  for  Childram.    Bj 

■  List.    WoodsnU.    Itno.    At. 
AUSTIN'S  (Joai)  Liotdku  o«  Ginui  JcuiFiSDnroi ;  or,  the 

rhlloviphjrnr  PcalilT.  Law.    TMrd  BJUhm.    fUTlHlud Edited br 

Kmiit  Cianux.    t  VoU.    an.    Hi. 

(Samie)    FngUBDU   from   Oarmaa   Ftom  Writtn. 

Wllh  Blostmpum  ttotM.    F«t  Sn.    1(« 


Sudisf  Vll 
elyne'i  L^ 

,      DtKHptlOD  ( 


sii^'« 


QICAL  OBBERVATl 
IfAONETICAL    A 


to  IBM.   ITol*.    Bdj'I 


BEBKODLLrB  B&XCEHTl 

BBaBEL'BAOXILIARYTJ 

IKO  LUNAK  D18TA 


PUBLISHED  BY  MR.  MURRAY. 


Admuultt  PuBLiCATioNfr— tfonttniMcX. 

UARRISOITS  PRINCIPLES  OF    HIS    TIME-KEEPER.    Fl^TBS. 
1797.    4t0.    6s, 

If ACLRAR  ON  LACAILLE'S  ARC  OF  MERIDIAN. 

LAX'8  TABLES  FOR  FINDING  THE  LATITUDE  AND  LONGI- 
TUDE.   1821.    Syo.    lOf. 

LUNAR  OBSERVATIONS  At  GREENWICH.  1788  to  1819.  Compared 
with  the  Tables,  18S1.    4to.    7«.6ii. 

MACLEAR  ON  LACAILLE'S  ARC  OF  MERIDIAN.    8  Tola.    20«. 

MASKELYNE'B  ACCOUNT  OF  THE  GOING  OF  HARRISON'S 
WATCH.    1767.    4to.    8«.6ii. 

MATER'S    DISTANCES    of    the     MOON'S    CENTRE    frma    the 
PLANETS.   1888,  Si.;  1888,  U.  9d,    1834  to  1886,  Sro.  U.  eaoh. 

THEORIA  LUNiE  JUXTA  8TSTEMA  NEWTONIANUM. 

4to.  S«.6i. 

TABULiB  MOTUUM  SOLIS  ET  LUNJB.    1770. 

ASTRONOMICAL  OBSERVATIONS    MADE  AT  GOT- 


TINGEN,  from  17M  to  1761.    1886.    Folio.    7«.6il. 

NAUTICAL  ALMANACS,  ftom  1767  to  1878.    Sro.    8«.6i.eMh. 

SELECTIONS  FROM  THE   ADDITIONS 

ap  to  1818.    Sro.    8f.    188444.    Sro.    6$. 

-  SUPPLEMENTS,  1888  to  1888^  1887  and  1888. 


8to.   8«.  each. 

TABLE  requiaiU  to  U  need  with  the  NJl. 


1781.    8to.    6«. 
POND'S  ASTRONOMICAL  OBSERVATIONS.   1811  to  188&.  4to.  8U. 


RAMSDEN'S   ENGINE  for  Dinouro   MATBaMATiOAL  IxanuMsm. 
4to.   U. 

ENGINE  for  Dmonro  Stbaxokt  Lnu.   4to.   6«. 

SABINFS  PENDULUM  EXPERIMENTS  to  DBTBBMnrB  rmm  FiaUB» 
OF  TM>  Eabth.    18S6.    4to.    40«. 

SHEPHERD'S   TABLES  for  Coubctwo  LuHAm  DwTAVOM.     1778; 
Royal  4to.   81«. 

TABLES,   GENERAL,  of  the  M00N*8   DISTANCE. 

from  the  SUN,  and  10  STARS.    1787.    FoUo.    6«.6d. 

TAYLOR'S  SEXAGESIMAL  TABLE.    1780.    4to.    lft«. 

TABLES  OF  LOGARITHMS.    4to.    VL 

TIARK'S  ASTRONOMICAL    OBSERVATIONS  for  the  LovanvM 
ofMAOBi&A.    1888.    4to.    8f. 

CHRONOMETRICAL  OBSERVATIONS   for  DivmBiroBft 


of  LovoiTUDB  between  Dona,  Poktsiiouth,  and  Falmouth.    1888. 
4to.   6*. 

VENUS  and  JUPITER:  OMUTATiora oi; eompared  with  the  Tablv. 
XtfMlo«^18».    4to.    8«. 

WALES'    AND    BAYLY'S    ASTRONOMICAL     OBSERVATIONS. 
1777.    4to.    81«. 

WALES'    REDUCTION   OF   ASTRONOMICAL    OBSERVATION 

MAOB    n    TBB    SOUTHBBB    UBMXSfBBBB.     Hdi'lTFl.     1788.      4t 
10f.6il. 

B  8 


LIST  OP  WORKS 


BABBAULD*S  (Mbs.)  Hymns  in  Prose  for  Children.  Witli  llf 
Original  Deiigni.    Small  4to.    6*. ;  or  FiM  AqMr,  T«.  6^ 

BABBOWS  (Sni  JoHir)  Autobiographical  Memoir.  From  Xirly 
Life  to  AdTanoed  Age.    Portrait.   Svo.    18f. 

(Johh)  Life,  Exploits,  and  Yoyagos   of  Sir  Fnndi 

Drake.    lYlth  numerooi  Original  Letters.    Post  Bny,    St. 

BARRY'S  (Sir  Charles)  Life.  By  Autred  Ba&mt/ D.D.  VTiik 
Portrait,  and  lUustrationa.    Medium  8to. 

BATES*  (H.  W.)  Records  of  a  Naturalist  on  the  KiTer  Amarau 
during  eleven  years  of  Adventure  and  Trayel.  Seamd  FiHhim,  111m> 
trationa.    Poet  8vo.    18*. 

BEAUCLEBE'S  (Udt  Di)  Summer   and  Winter  in  Norwaj. 

Third  Editi<m.    With  IllustnUona.    Small  8to.    6^. 

BEES  AND  FLOWERS.  Two  Essays.  By  Bit.  Tbokas  Jamb. 
Reprinted  from  the  "  Quarterly  Keyiew."    Fcap.  8vo.    l«.  ^mA. 

BERTHA'S  Journal  during  a  Visit  to  her  Uncle  in  En^and. 
Containing  a  Variety  of  Interesting  and  InstnietiTe  Infinaattoa.  BmmA 
£dUiom.    Woodcuts.    ISmo.    7t.6(L 

BERTRAM'S  (Jas.  G.)  Harrest  of  the  Sea :  a  Contribation  to  tlie 

Natural  and  Economic  History  of  British  Food  Fishes,  ^nmd  Biitum. 
With  60  Illustrations.  8to.    I2t. 

BICKMORE*S  (Albert  S.)  Trayels  in  the  Eastern  Archipdage 
1866-6 ;  a  Popular  Description  of  the  Islands,  with  their  Ntttnrml  His- 
tory, Geography,  Manners  and  Customs  of  the  People,  Acl    With  Mass 

and  Illustrations.    8vo.    21«. 

BIRCH'S   (Saxukl)  History  of  Ancient  Pottery  and   Poteelain: 

Egyptian,  Assyrian,  Greek,  Roman,  andEtroscanu  With  SOO  IUintis> 
tiona.    2  Vols.    Medium  Svo.   4S«. 

BISSET'S  (Ahdrxw)  History  of  the  Commonwealth   of  Englaad, 

from  the  Death  of  Charles  I.  to  the  Expulsion  of  the  Lodk  Puiiamert 
hy  CromwelL  Chiefly  from  the  M8S.  in  the  State  Papsr  Offles.  8  vvls. 
8to.    80s. 

BLAEISTON'S  (Capt.)  Narrative  of  the  Expedition  aeni  to  ex- 
plore the  Upper  W^aters  of  the  Yang-Tsxe.    IlluatratioiML    8vo.    16i. 

BLOMFIELD'S  (Bishop)  Memoir,  with  Selections  from  hia  Cam- 
spondence.    By  his  Son.    Second  Edition.    Portrait,  post  8vo.   lis. 

BLUNT'S  (RiT.  J.  J.)  Undesigned  Coincidences  in  the  Writings  of 
the  Old  and  NewTestament,  an  Argument  of  their  Yeraef ty :  mtm^^iffimm 
the  Books  of  Moses,  Uistorical  and  Prophetical  8eiiptut««,  sod  tike 
Gospels  and  Acts.     Ninth  Edition,    Post8TO.    6s. 

History  of  the  Church  in  the  First  Throe  Geninika. 

Fourth  EOtian.    PostSvo.    6s. 


Parish  Priest;  His  Duties,  Acquirements  and  OUii» 

tiona.    Fifth  EdUUm,    PostSvo.    6s.  --^o- 

—  lectures  on   the   Right  Use   of  the   Earij  Fkthen. 

Third  Editiam,    8to.    9«. 

Plain    Sermons  Preached  to  a  Gonntnr  OonciesAtiiMu 

F\f(h  EdiHom,    2  Vols.    PoetSro.    12«.  o  ^•o-***- 

—  Essays  on  rarions  subjects.    Sro.    12«. 


PUBLISHED  BY  MR.  HURRAY. 


BORBOW-3  (Qcotai)  Bibls  In  Bpds;  < 
knd  Inprtioiimtiila  el  u  enclliihiiii 
BeripmnalDitMFaiilBniU.  SVoU.  FhiSts.  STj.; 
Mdo,  S>  «. 

Zincali,  or  th«  Oipdet  of  Spain ;   Ibelr  Huutn, 

CuMOM,  B*U|[le>>.       ■'      ~  -— ■-     ••-■■         "-     —  ~-— .— 


Wild  Wild  :  !(■   People,   Lugmge,   and  Sctueiy. 

Wlib  IntrndiKtorr  Kxsitki.    Pulbrs.    «■. 

UTingro  ;  The  Scholu— The  CHp^— ud  the  PrietC 

Portnlt.   STDli.    PHtSTO,    HU. 
— ■    Romu;    Rfe  j     a    Seqael    to     Lavengro.     2  VoU. 


BRACE'S  (C.  L.)  Huaalof  EthnolDgj;  or  the  Raoea  of  tha  Old 

World,    PsatSm.    (K. 
BBAT'S  (Hm.)  life  of  Thomai  Stothard,  B.A.     With  Panoul 
KaulnlacinMH.    IUD(lnl«l  with  Pcctnlt  ud  ao  Vgodeata  of  bla 
cUirwinkL    dto.    tli. 

BRITISH  ASSOCIATION  REPORTS.   8ro. 

York  ud  Oiforf ,  ISU-Sl,  lU.  U. 
CuBMdf^  ISn,  III. 
EdlBbainb,  I8H.  I&t. 
DabUi,  ISM,  Mi.  U. 
BrtRol,  issa.  lb. 
Unrpoal,  1837,  lb.  M 


CuMdfKlBat.Klr. 
NiweuU*.  IMS,  1st. 
Balb.  ISX  lb. 
BlrTnlmrbUB,  18SS.  »l 

NoitiiiKtiHLiam,»i. 

DiindM.  I«T,  Hi. 
MonHth,  IStS,  lb. 

BROUOHTON'S  (Loan)   Joamej  through  Albania   and    other 

PkitIixh  oT  TntkoT  Id  Bonpa  >ad  Ail>,  li>  CoMmUaogli.  UW-10. 

IlluilnliDDi.    t  Vi>liu  Btd,    K». 

Vialu  to  Italj.    2  VoU.    PmISto.     IS*, 

BBOWNLOW^    (LibT)    RemlnUetnees    of  a    Beptoagenarlaii. 

BUBBLES  FROM  THE  BRUNNEN  OF  NASSAU.  Bt  Sir 
rtiKcii  a,  UiiD,  But.  7UUilia^  wUh  IllutrsUou.  Poll  8n>. 
Tt.Sd. 

BmiTAN  (JoB>)  and  OIlTarOnimwelL    Select  BloptpUaa.    Bj 


Oluccxr,  1840.  Ifti. 
Plrnwoui.  I  HI.  IV  M. 
HuchHMr.  leU,  IDt.ai 

Yorii,  18W,  10^. 
CunbrMi*.  18U.  Ul 
Bonlbasstoa,  KM,  ISi. 
Oifard,  atr,  18>. 
BnBHa,  IH&Ri. 
Blrmisfhui.  lMa.tO(. 


LIST  OF  WORKS 


BUBGOITS  (Say.  J.  W.)    GhriBtian  Gentleman ;  or,  ICeaoir  «f 

Patrick  FntMr  Tytler.   Seeomd  SiUio$t,   FostSTO.     0«. 


Letters  from  Rome.    Post  8yo.     12«. 


BUBN^S    (CoL.)   Dictionary  of  NaTal   and    Miliiazj    Teehniol 

Termi,  English  and  Frencih— French  and  Engllmlu    .^btcrlA  EdiiiaiL 
Crown  8to.    16«. 

BURROW'S  (MoKT^Gu)  Constitutional  Prog^reas.     A   Series  of 
Lectures  deliyered  before  the  UniTersitj  of  Oxford.    Post  8vo.    6«.  id. 

BUXTON'S  (Charles)  Memoirs  of  Sir  Thomas  Fow«U  BoxtoB, 

Bart.    With  Selections  from  his  Correspondenee.    Bj  his  Son.  Portrait 
8to.   16».   Or  F^pular  EditUm,    Feap.  Hro,   St.  6<. 

Idxas  of   thi  Day   oh  Pouot.     Third  EdUion. 

BTBON*S  (Loan)  Life,  Letters,  and  Journals.    By  Thomas  Moon. 

Platea.    6  Vols.    Fcap.  Svo.    18t. 

Life,    Letters,   and    Journals.      By    Thoxas    Moool 

Portraits.    Royal  8to.   9«. 

Poetical  Works.    Portrait    6  Vols.     8vo.     45*, 

Poetical  Works.    Plates.    10  Tols.    Feap.  8to.     80a 

Poetical  Works.    8  Vols.    24mo.    20a. 

Poetical  Works.    Plates.    Royal  8to.    Oa.  ,., 

Poetical  Works.    (Psabl  Sditioh.)    Crown  8to.    2b,  dd* 

■  Childe  Harold.    With  80  Engraringa.   Grown  4to.    ISi. 

Childe  Harold.    16mo.    28.  dd, 

Childe  Harold.    Vignettes.    16mo.    la: 

Childe  Harold.    Portrait.    16mo.    6d. 

Tales  and  Poems.    24mo.    2s,  6d. 

Miscellaneous.    2  Vols.    24mo.    5s, 

Dramas  and  Plays.    2  Vols.    24mo.    5s. 

^—^  Don  Juan  and  Beppo.    2  Vols.    24mo.    fig. 

Beauties.     Portrait    Fcap.    8yo.    8«.  6d. 


BURR'S   (0.  D.)   Instructions  in  Practical  Surreyin^,  Topocnk 

Shical  Plan  Drawing,  and  on  sketching  ground  wlthoar  '         ^^ 
'ourth  Edition,    Woodcuts.   PostSTo.    6s. 


BUTTMAN'S  LEXILOQUS;  a  Critical  Examination  of  tks 
Meaning  of  ninnerons  Greek  Words,  chiefly  in  Homer  and  HMlod. 
Translated  by  Rev.  J.  R.  Fisblake.    I}/tk  Edition,    8yo.     ity, 

CATALOGUE  OF  IRREGULAR  GREEK  YBRBS. 


With  all  the  Tenses  exfant — their  Formation,  Meaning,  mnd  Vnrnrt. 
aooompanied  by  an  Index.  Translated,  with  Notes,  bw  Bar  Jf  ja 
FiSHLAUU  Fifth  EdUion,  Reyiaed  by  Bey.  E.  V svABun.  Foat  8yo.*  9a, 


PUBLISHED  BY  MB.  MUSBAY. 


CALLCOTTS    (Lur)    Uttle    Arthar'*    Hlftor;    of   Bngbnd. 

NrwSMIim,tnmtlaiLniniulBit.   With WindmU.    Fap. 8ti>.  It.M. 

CAHPBELL'S  (Lomn)  Livn  of  the  Lord  Chuoallan  wd  EMpwi 

oftbiarutSuUrEDxUiid.    From  tfaa  EarilHtTlBM  taU*D«Mbaf 

Idrd  EldOD  ia  1S38.    Aarlk  EdMim.    10  VDli.    Cnaa  Sn.    Si.Hah. 

Lives  of    Lord    Ljndhant  uid  Lord  BroaBhkin. 

LiT««  of  ths  CUer  JotUcM  of  Xngluid.    rrom  tho 

Varnaa  CooquHl  b>  tha  Dauh  of  Lar4  T*ilUrd«.    fteonJ  JJUIiid. 
)  Vol*.  Sts.    «1i. 

Slutk*p«we'«    Legal    Aoqaiiamentt    Coulderad, 

Svo.    ti.Bd. 

Ufa  of  Lord  Cbuieellor  Bmob.    Tcftp.  Sto.    Sil  id. 

—        (Si»  Niit)  Aeconal  of  N»poleon  U  Fonlunbtua 

■  lid  Elbi.    BrlnK  >  .JourniJ  of  Osumneu  ud  Natei  of  hli  Codtu- 
ullima,  tc.    ivictr'lt.    8'i>.    Ilti. 
_ (Or, 


(Tbo«.)  Short  LiTM  of  tha  Britlih  Poeli.     With  u 

E«7  on  Endlih  P0M17.    Poll  Sto.    Si.  ad. 
CABNABVON'B    (Lou)    Portagml,    Otlllda,    ud    the    BwqM 

FTOTlDMfl-    Frota  Katu  tnfeda  doHaf  ■  JoonMT  to  tbca*  CcHiBBrliA, 

nMJXilM.    FntSro.    t>.  SA 
— Keminiicflneei  of  Atheni  tnd  the  Horei.    Bz- 

truU  fmtn  >  Jooniil  during  TrtTilii  In  Gnte*  tn  1S».    Wllb  Htp. 

^ RecollecUoM  of  the  DniM«  of  Lebanon.    With 

NglH  on  Ihdr  BcllRliin.    TItinI  JUWhl    P«t  Sn.    Bt.  ad. 

CABTLKRKAOH  (Thb)  DESPATCHES,  from  the  oomnenoamant 

or  Uh  smeUI  camr  of  the  ]■!(  VlHonnt  CuUntuta  lo  th*  dsH  gf  Ua 
lite.  EdlUd  br  Ui*  HiMDia  OT  LoiiKuiDuaT.  UValL  Bra.  Mj.iMk. 

CATHCABTS  (8»  Oioiiii)  Comnentuiti  on  tho  War  la  Buala 

ud  OinDur,  ini-lS.    Pluu.   Sto.    lii. 
CATALCA3ELLE 

100  lIluitnllaDi.    svsii.     an.    wu. 
— Hlitorj  of  PalDtlng  in  North  lUlj,  inelnd* 

Inn  Trnlu.    LmnbmrdT,  Pulu,    Vlama,  Vannu,    Pun,    PiiaU, 

Fcmri.udBulociiL  WllhlUuimlSH.    1  Toll.  Sto.  (Mw^  Xna^.f 

—  — Notices  of  the  LiTea  and  WoAa  of  the 

Eirif  Flialab  PalDtHi.    Woodeou.    PniBro.    VU. 

CHILD  (0.  CsiPLH,  H.D.)  Benediclto ;  or,  the  Song  of  the  Three 
Cblldm :  Mug  Ill.iitnllniu  of  (ha  P«nr,  tttiwflcaiua,  ud  Didini 
iiiulfe*ladli7llMCrHlarlahli  wDtki.    TM  KUtitm.    PoriBtii.    b, 

CHURCH  (Thi)  and  THE  AOE.    A  Sertea  of  E4W17S  < 


PrindplHaaA  Piweat  PodllMiorih*  Angllein  CbBreb,  b;  Ihl  BIj 


LIST  OF  WOItZB 


CHURTON-S  (Arc 

A«  of  Pbmp  111.  u 

aCERd-3TiFE~ASD" TIMES."  With  M«  ChwMtw  yivnd 

111  ■  SUlHinBn.  Onmc.  ii'd  Filtai,  toi  ■  Sfleellun  tnm  hla  Com*- 
puBdnai  ind  Onliiinn.  Ur  Willum  FoHirTK.  Q.C,  ntrdXMiiK. 
Vrilb  lUiHlnOoiil.    8m. 

CLAKK'8  (Sir  Jiirra)  Memoir  of  John  Conolly,  M.D..D.C.L. 
CimprteliiK  ft  CVelrh  rr  vh^  Imprmad  TrvflmcDi  or  rhft  InaftM  la 
EuiDpa  Mid  Amirtu.    Wltb  ponrall.    F«iBn.    lOi.W. 

CLITE'S  (LoBD)  Ufe.   B;  Itiv.  0.  R.  Gliis,  H.A.  Poftt  Sto.  t«.  td. 

CLODE'S  (CM.)  Militirr  Forces  of  the  CrowD  ;  their  AdminUtnk- 


COLEItlDGE'S    (SiHttKL    Tatlor)    Table-Talk.      JVew  Editioti. 

PormlL    Fc»p.  8to.    f-t.t'l. 
COLLINOWOOD'S  (CoTHsiaT)   BamLlea  of  a  Hatnraliit  on  th« 

COIiOHIAL  LIBKART.     [See  Home  and  Colonial  Library.] 
COOK'S    (Canon)  Sennona   Pieaelied   al    Lincoln'i  Inn   Chapel, 

ftad  on  apKUl  Omulanl.    8>i>,    Di, 

COOKEBT  (MonuiK  DoMuno).  Founded  on  Princlplei  of  Econom]r 
ftud  PnctloU  KnoiilcdKC,  ud  idipUd  For  PrlvaU  yuilllB*.  Br  ■ 
L>d;r.    Vt^Xdilin.  Viooixaa.    Fsmp.H'a.    &j. 

COBNWALLIS  (Tni)  Pipera  and  Correepondenee  daring;  Um 
araaricu  Wir.— AdmlDlitnUoni  tn  IndU,— Uolon  vllh  Inlud,  and 


CRABBE'S    (Kit.   Gioiac)   Life  and   Poetical   Worka.      PUUa. 

CEEE-S  (Hbt.  E.  D.)  Portrait  of  the  PrimUire  Church.     Fc^. 
CROKEH'8     (J.    W.)      ProjToaBlro      Geography     for    ChUdiea. 

JVU  EMiim.    ISmO,    li.  U, 

Btoriea   for   Children,   Selected   from   the  Hiitoij   of 

EiiBlftBil.    tXfUatil,  miiiim.    Woodcou.    Idmo.    Ij.Ot 

— Boawell'a  Lifo  of  Johnson.      Including  the  Tour  l» 

t)iaHebrid«.    Poflr»ll».    RojiU  8™.    lOi, 

- — Euays  on  ibe  Early  Period  of  ihe  French  Reraklion. 

8>o.    iU. 

Hiatorioal  Esgiy  on  the  auLUotlne.     Fciip.  8to.    1$. 

CROMWELL   (OLivaa)  uid  John  BunyuL     By  Bobui  Soirxrar. 


PUBLISHED  BT  UB.  HURRAT. 


CBOWE'S  iHD  CATALCASBLLE'S  NoUcu  of  tha  Eulj  Flemlili 

P«liiw™.    Woodonti.    PMiaro.      III. 
Hialorj   of    Painting    la    Italy,    from    2nd     to    leth 


■ Seaiiid     Stria,    inclDding 

Vvnlov,  LombftTdr,  PuJTif,  TfanE«.  Tflnni,  Ptm4.  FrtnlL,  FvTTmr^Hiid 
BnlDfDL     Wllb  IllD9tI>tloni.    a  Volt.     Bto.     IKturlf  Stadg.) 

CUMUINO'S  (R.  QoKDOi)  fiie  Tttn  at  a  Hnnter'i  Life  to  the 

CITITHINOHAM'S  (All»)  Poomi  iDd  Sodju.      Now  fint  mI- 
UcUdwldumiK^.wlUiBlocnpblal  NoUh.    Hew.    ti.U 

(P«tm)  London :  Pa»l  and  PreMnU     A  ytw 

Uittam.  With  numcnui  IllDilrmUoiH.  SValt.   Sn.  (/■  pn^mlim). 


Smaller  Oreek  Grammar  for  the  Uiddte  and  Lower 

Fonna.  llna.  Si.M. 
CUBZON'S  (Hoa.  Rovbb*)  AaMWii  imp  EuiBoim.     A  Tear  on 

Uw  Prontlen  Df  RoHli,  Turkay,  ul  PtniL    nM  OtMtm.    Wosd- 

mu.  Vim  Bto.  Ti.  M. 
Vljib  U>  the  HonaalariM  of  the  LeranL    Fy/A  Sdiiion. 


-  Atie»la  of  the  War 


-  Fertilization  of  Orchid*  through  Inasct  Agene;,  and 


Vaiialian  of  Animali  and  PUnti  nnder  DomeaUeatioiL 

Wllb  IllnimUou.   1  Voli.  8to.    Hi. 

Fact  and  Argnmeot  for  Darwin.     Bj  Fnti  Mulih. 

—     ■  ■■    -   11  bf  tbi  Anlbor.  r-     -'---' 


DATT3  (Sii  HosFHat)  ConaolatioBa  Id  Trarel;  or,  I^at  D^ 

DdPUhmpbu.    MvUHm.    WisdaU.    Fmp.Std.    it.td. 

Balmonla;  or,  Daji  of  FI7  Fiahlng.     Ifew  Edition. 

Voodsata.    Fwp.  Bn.    Si.  V. 


LIST  OP  WORKS 


DELEPIEEtRE^  <0«iti)  HUlot;  of  Flcmiili  LUcntmc    Tnm 

—         -  Hutorinl    Difficnllies   ud    Contated     Eventa. 

DEinSON'3  (B.  B.)  Ufa  at  BUhop  Lansd^e,  D.D.     Wilh  Seleo 
DBBBT'S  (Eaill  or)  TnnaUtioD  of  tbe  Ilud  of  Homer  iatit 

Emlimti  ni4ak  V>M.    l^/iA  KMtiim,  I  Rti.  Bn.  Ui.;  or  Ftr-itr 

IVuuUiioiu  ^m  ths  Potti,  Ancient  tnd  Uodun.  8to. 

DE  BOS'S  (Loud)  KlemorUli  of  the  Tower  of  LoDdon.      Stoond 


ToDDg  Officer'*  CompanioD ;  o 


DIXOirS(W.  HirwDBTB)  Storf  ofthe  Life  of  Lord  B 


DOMESTIC  MODERN   COOKERY. 

»«■)   Life  and   AdrentDrei.     By  S,  V. 

TheorrkndPracLiceofGannerr.  Fi/l\ Edition,  PMm. 

Military   Bridgei.    Third  EiiUion.   Plitei.   in.  Via. 

5»T«l  Wufare  with  SM»ai,    8ro.    8»,  8il, 

Uoden  Systema  of  Fortifimieo.     Tlun.    8ro,  ISt. 

DEAKirS    (Si«  Piu>ara)  Life,  Vajtjcet,  and  Eiploila,  by  Sm  uA 
(W.  Bioainri)  Notca  uo  Vcncii»n  Cenunk*.    Uedinm 


I 


in^  Land ;  and  Further  Pene- 


AtMn.    Woodcaw    Put  Si 


PUBLISHED  BT  MR.  MURRAY. 


TLAKE'S  (SiK  Cbiilu)  ItklUn  Schoolt  of  Pidnting.   Froa 
tba  OniDH  af  Kdolii.    Edited,  wttb  NoUi.    nfcd  tM^u.    HIu- 

tntedftoDtfaaOld  Uutnn.    tYolt.    FMtBrg.    Mi. 
N««  SeriM  of  CoDtiibalioni  to  tba  LiUntore  of 


Porti^t    iVoii.    PoiISto.    Mt.     '      ^ 
ELGIN   <Th«   l»te    Loid)    Selsctioni  from   Comipoudenoe  ud 

Daapitebu.    Edllcdbf  Tucodobi 'Wiuoiia.    Bro.    (A'Mrl|r  JTaiilf .) 
BLLBSUKEB'S    <Lou>)    Two    Sle^n    of  Viaiiiub7  the  Tukt. 

TruuUUd  ftnm  th*  OtreiuL    Fe«t  Bts.    If. 
ELLIS'S  (W.)    VUiU   to    H>d«gwc»r,    locladliiK   ■    Jounier  to 

tli<C*plt>l,  t1I)i  sMICHnrNuimllllMat?,  ud  PiHwit  ClTlUntlea 

of  the  Fiopla.     Mip  ud  WoodiDU.   Sra,     lb. 
1 MaddgiKM  Rerititcd.    Setito;  forth  the  PerwcoUou  ud 


-  (itu.)    EduciUon  of    ChuMter,    with  HinU  on    HonI 


.)  Uniie  of  tha  Hoat  Andeiit  Hktioiu;  ptrtieiilari; 

-'—  Empllui,  mad  Hgbnwi ;  with  flpKM  lUftnan  U 

I  WoWrn  All*  ud  Id  Ef  ;pL  With  100  lUuMntlaHL 

BNOLAND  (HiRORT  or)  tram  the  Pekce  of  Ctnoht  to  the  PoMa 
of  VatMlllH,  I7IS-S9.  Br  Low  MiHO*  (now  Eul  Blutiival.  LOrmt 
JiliMM.I  Vol*.  Btd.  •Si.ioiAynlvJUiHiM.TVal*,    PcwtSn.    tu. 

From  the  Finl  Inraiian  bj  the  Bomam^  conliniied 

u>  ISM.     Br  Hu.    MuuiH.     >'(■   JJiliM,  rinxd.      Wodnli, 


(Smaller    Hirtory    oO-       By    Wm.    S*mH,    LL.U. 

Ktw  Edition,  emlatiM  u  IBK.    WoodcgU.   ISmo.    It.  ed. 
-    Little  A tthor's.     Bj  Last  Cillcoit.    NeKSdMim, 

AMtfrnnt  Is  IMl.    Wsedeuti.    ISmo.    it.  id. 
EHOLISHWOHAH   IN    AUERICA.    Poet  Std.    10«.  Od 
SSKIMAUX  end  EoglUh  Tocaboluy,  for  TweUen  In  the  Arctie 

Xailiiiu.    Itao.   Si.W. 

ETHNOLOGICAL  SOCIETY'S  TEAH8ACTI0KS.   HowSeriei. 

VoIi.I.IdVI.    Sn.    Mi.ti.mii. 


LUT  OF  WORKS 


FAMILT  RECEIPT-BOOK.  A  ColleetioD  « 
and  Uurul  Renlpu.    F«j>.  Sto.    i>.  M. 

FABR.^R'S  (A.  3.)  Criilcal  History  i 
rrrmiHWIolboCbriilluilullglDii.  Uginflt 


on    iSodffn 
KIneveh   wid    PenepoU* 


lada.    ValLl.  > 


Hiatory  of  ArehiUcloi 

SIflH.    vrilhSltllluitnliou,  ud. 
— —  Holy  Bepolcbre  and  the  Temple  at  Jeinulcn  ; 

brine  Iht  BulHIBaa  nr  T-o  l^lurei  diliYBtiil  u  Ilis  Boytl  luUitt. 
Han,  1961  ud 'M.     WmdeaU.    Hro.    Ti  Al. 

FLEHIMO  (Wh.)  Studsnt'i  Minaiii  of  Monl  PbiloMpby.     Poat 
FLOWEBOAUDEN{Thr).  By  Ret.  Tboi.  Jian.    Fukp.  Sro.   ]«. 


FOSNEBEAD'3  (T.  O.)  Diary  of 
F0E8TEK-S   (J. 


Dutifal    Son.      Feap.   8to. 


r)  Arreatoflha  Fire  Mambera  by  Cbartac  tlta 

Grand    RemoDntrance,    1611.      Witb   aa   Ssttjr   «a 

ihe  Pluugioclind  Tudor  BinnlgDi.    iTi  i«iil 


Enirllib  fnwlc 

Sir  John  Eliot 


I 


FOBD'3  (Rtcbikd)  Qalberiags  from  Sptln.    Poit  Sro,    3<.  ltd. 
FORSYTH'S  (WiLLiiH)  Life  anrt  Tiroes  of  Cicero.  With  Seleetiona 

FOBTONB-S  (Roai 


Witb  Polices  of  the  Agrieat- 
and.      With  Sket«beB  of  their    j 


F0S8-  (Edwwd)   Jndgea 


—  Tabnln  CnrialeB;  ar,Tab1eioftbe8tip«riiirCouta 
1ii>i(r  Htll.  BhimlnK  lbs  Jiidmi  •ho  ••!  In  iliem  from  lOM 
iltb  Iha  AilonMT  "nil  SnllollDT  OoMnli  at  rteh  mini,  T« 
ImOicd  in  Alphibellul  Uil  ot  ill  Ib>  Jiidg~i  diulBc  tiM 


PUBUSUED  BY  UR.  HURRAT. 


PutSro.    It. 
FRERE'S  (M.)    Old  Dc«(*q  IHyi ;  or,  Hindoo    Fklij  Leg«Ddi 

Cumnlla  Bonllun  IrntlL  UolUcM  rrnm  Onl  TndlUoo.     lIlMtniad 

br  C.  F.  Pmu.     With  u  iDtrvdncUsa  msd  Mitt*,  br  8iB  Uinu 

Fu».    CnmBta.    Iti. 
OALTON^   (FuMcm)  Art  of  TtitoI  :  or,  RinU  on  the  SUfta  ud 

CiminTiinMi  tTdlibIa  Id  WUd  C<nuDl«.    fimrli  SdiU^    Wood- 

oiu.    PhiStd.    U.td. 

GEOGRAPHY  <Avoim).    A  Uuaal  Tor  Stndonli.    Bj  Ber  W. 

L.Uivxi;.  WoodcuU.  P«18io.  Ti.hl. 
- —  (Modikm).     a  Muioal  for  Btudentg.    Bj  Ber.  W. 

L.  CiviM.  Woodeuu.  Pottero.  J..eJ. 
Jonnid    of  th«    Bojtl  Oeogntpbtcsl   Sodot^  of 

Loodim.    Sn.    AdduIIj.  Mf . 


GIBBON'S   (EDirikii)    Hiitory  of  the  DmKd*  ud  Till  of  th* 

Kmnin  Enipin.     F.d»«l  by  Miuiiv  nd  Gui>ot.    A  Km  UUcm. 

PmdMI  br  hll  AnIl}bli!)r»pbT.      And  Edittd,  vlth  KMW,  br  Dt.  WB. 

Sam.    Miipi.    SVdIi.    Sto.    «0i. 
(The  Btadent'i  Qibboa) :   Being  4B  Epitome  of  the 

•bots  If ert.  iMdcporitl  BK  Iha  llM«»reb«i  of  Biit  Cnmnrni  I  iton.    B]> 

Or.  Wm.  Sam.    Woodeuu.    PmI  Bn.    T(.  U 

OlFPARD'S  (Edwiui)  Doadi  of  NftTtl  Dulnf ;  or,  AnoedotM  of 

tha  BriUjfa  NiTf.    Fsp.Srs.    ti.ait 
GLADSTONE'S  (W.  E.)    FiDaneUl   SUtamonti  of  185S,  60,  flS, 
■nd  M  :  with  SptMbH  on  Tu-BUli  ud  CbulUM.    SKumd  Xilillm. 

'■ Spcceliei    on    Pu-lUmentuj    Beronn.       Third 

Edilvm.    Po«ia»o.    Sj. 
QLEIG'S  (O.  R.)  CuaptifCM  of  Oi'  firituli  Annf  ti  WMUngtoa 

kBd  ><•<•  OiiHiw.    Foil  tn.    t>. 

StoiT  of  the  Bottle  of  Woterloo.    Pott  8to.  S«.  8d. 

NomtiToofSkle'iBrigadainAITghuilitaii.   Pott  8*0. 2«. 

Lib  of  Bobort  Lord  CUto.    Poot  Sto.    S«.  td. 

Sir  ThoniM  Honro.    Pool  8ro.  it.  id. 


14  LIST  or  WORKS 

OONOORJl;  An  nutoriett  fM^J  on  th«  Timaa  of  Philip  UL  Md 

QOBDON'S'  (StB  Auz.  Duft)  Sket«b«i  of  Gennui  Lire,  ud  SeenM 

BflBlbtWuofUbanllm.  Fnmi  lbs 
- (LiOT    Dt)»f)   Amber-Wil 

umft.  Fran Ih* tiannu.  Poaisn, 
French    La   Algien.      1.  ' 

LcRim.     S.    Th*   Priunen   of    AM 

OOUOEB'8  (Hbbbt)  Personal  N»rralivB  of  Two  Toms'  Irapriion- 


GREECE  (HisTORT  or).     From  the  Eirllect  Times  lo  the  Bomu 

Coiiqn»l.     Br  Wn.  Barm.LI,D.     Wrwdntl.     tNMlSvD,    Ji.td. 

(SiiiLuiB  HiBTOM  or).     Bv  Wm.  SdiTu,  LL.D.    Wood- 
cut*.  ISmo.   3..  OL 

QBENYILLE  (Thi)   PAPERS.     Beitts  the   Public  imd   PrinU 

Edludbr  W.  J.Buta.   «rol>.    Sto.    lOi.  etcli. 

OEEY'S   (Eibl)   CorreipoDdence   with   King  William  ITlh.  »iid 


<Si&    Geoimb)     Poljuetisii     HTthologj,     uid    Andeat 


GBUVKR'S   (Liwis)  Tem-Cotta  Architecture  of    North   tUij, 

FrDm(9irii(ii1Dn>liiKiuiilSatonilanB.    Wllb lUailntiaDi,  fD(r>nd 
ud  priDltd  kn  Culoun.      Boull  (olio.    fij.  £>. 


— (Mm.)  Memoir  of  Ary  Scheffer.    Post  8to.  8*.  6d. 

OCIZOra  (U.)  Heditatiom  on  CbriBtiuiity,  and  on  the  Reli^oni 
qLwttioni  of  tlx  Vmt.  F*tl  I.  Tba  Kueac*.  Pul  II.  Thi  PrtMilt 
Bute.    ITolL    FoataTB.  am. 


r' 


PUBLISHED  BT  HR.  HURRAY. 


Uiddle     Agsi. 
uid  Ulnitntioiu. 


■a)  Wanderinp  in  North  jUHci.  With  111  nitn- 
r  ISflS;  the  Divina 

lOi.U 

HART'S  AEHT  LIST.    {Quarterlr  and  AnMiatt).)    8ro. 
HATS  <J.  H.  DioMMoMD)  Votem  Bubuy,  lU  Wild  Triba  ud 

Sarig*  AnlDiU*.    PmI  Bn.  ti. 

HEAD'S  (Sib  Furou)  Hone  utdhia  lUder.  Woodcotr  Pott  8to.  U. 

lIojU  En^eer.     With  lUastntioiii.    8vo.    Ui. 

Sapid  JooraeTi  mtom  the  Punpw.    Port  Sro.    2*. 

Bubble*  from  the  Brtmnen  of  ITuud.    Settnlh  Bditiim. 

Illuitilllnni.     rMtBTO.     Tl,  U. 

Emlfimnt.     ?c«p.  8to,    2».  6(1, 

Stoken  uid  Poken  ;  or,  tba  LoDdon  tnd  Korlh  WMton 

R«i«r.   PoiisTo.  u. 

(Sik  EMiinn>)  Shall  *nd   Will;     or.    Future    AaxUiarj 

Varlw.    Fap.BTO.    U. 
HEBEB'S  (BisaoF)  JoDmej  through  Iha  Upper  Pronncef  of  IndU, 

ud  tba  aimtlMni  I'nTlnH*.    TW(iuAMilrn.    ITsU.   PoMSto.   Ti. 


■• Hjniiu  idapted  to  the  Weehlj  Chnich  Serriee  of  the 


HERODOTUS.    A  Stw  Engliih  Tertion.    Edited,  wtlh  Kotw 


d  Eauvi,  btilorWl.  <rhn«nphl0a],  nnd  Hocnpblr*!,  br  B 

.  ._  .__ ^.^ .  8im  J,0 


.  SKOfdOmim.    Uipt  and  Wnodeuu.    4  VoU.  Bra.    Ul 


IS 


UST  OF  WORKS 


FOREIGN  HANDBOOKS. 
HA!ID-BOOE — TRAVEL-TALK.   Eaglleb,  French, OernuD,  uid 

NOKTH  GERMANY— HoiLjiKo.B»Laiiji».  Patra- 

iLi,  ud  Iha  Rfalna  fioin  Uotludlo  SHIurUDd.  Uip.    Patl8in>.    tOi. 
80DTH   GERMANY,    B«T«i»,   AniUiA,  StyrU, 

t>>lEta>C,IlwAafliii,nuidll»arlui  AlK  tbc  TTmL  Uani(U7.u4lh* 
Duub^  inDi  Dim  U  Uia  Bluk  SiMi.    Hup,    PoUBrg.    I(M, 

KNAPSACK  GUIDE  TO  TUETYEOU  Po.I8to. 

PAINTING.  Ocnnsn,  FlomUh.  kod  Datcb  SehooU. 


LIVES  OF  THE  EARLY  FLEMISH  PAINTEHS. 

BjCwwkud  Cii'lfiaii-ui.    llluaintlaoi.    fuiI  »va,    lb. 

SWITZERLAND,  Alpi  of  SkTOy,  uul  PiadniaBL 

Uutm.    PcxtSrs.    tO. 

— —  KNAPSACK  GPIDE  TO  SWITZERLAND.     PdM 

~  FRANCE,  Nonnradj,  BrittMi;.  Ihe  Frsncli  Alp^ 

Uia  Rinn  Lgin.  Mh:.  Rhont.  mod  nuooiM,  DaupLlnl.  PnTine*,  iMt 

CORSICA  and  SARDINIA.     Mnps.    Piwl  8ro.     it. 

PARIS,  uid  its  EuTiroDB.     Mip  and  PIuu.     Putt 

SPAIN,  Madrid,  The  Caslilea,  The  Biftqiie  ProTinam, 

l^on.TbaAiIurlw.  Ollicb.  Eitnniiduri.  AndiliiiK  Kmda.  Ormniida. 
Tti*  BtlMTlc  Iilud^ 


PosI  Bra. 


-  PORTUGAL,    LuBoa,   PorLo,   Cialra,   lUfn,   ko. 
M<p.    PhiStd.    Si. 

NORTH    ITALT.  Piedmont,    Lienrii,    VenetK 

Laabwdr,  PuiBi.  Uiidcn4,  iDd  noBKcnii.    Hip.    PaslBTD.    Ut. 

CENTRAL  ITALY,  Loco,  TuBfanv.Florenco,  The 

lliiRbH,VDbili.tBd  the  Pilrlmonf  orst.  Pclrc'i.  Uiip.  PoalSra.  10a. 

BOHE  AKD  iTB  Ekvirokb.      Mip.     PoalSro.     B«. 

SOUTH   ITALY,   Two   Sicilies,  Naples,  Pomp^ 

— ■ KNAPSACK  GCIDE  TO  ITALY.    Post  8vo.   S: 


I 


LIVES  OF  ITALIAN  PAINTERS,  from  Cdiabob 

MBaiuko.    BfUn.  Jifliioi.     Porlnlu.    PhIBto.    ia>. 

'  DENMARK.  Sifn>Ki,widNflBW*t.  A' fc  Edtiion. 


rUBLJSHBD  B7  HR.  HURRAY. 


HAND-BOOK— KNAPSACK   GUIDE   TO    NOEffAY.      W»p. 

BUS3IA,  8f.  PniRSBuaoH,  Uosoow,  PoiaiD,  »nd 

FlHUBU.     Uipi.     fxilSTO.       16*. 

GREECE,  Ihe  loniM  bludi,  Albui*,  Thtuklj, 

ud  Miadonl*.    Hip*.    PoitSfO.    (A rnr»ii ><<"■) 

TURKEY,    Htlu,    Asia    Hiaor,    CoMtontlnopIa, 

AniMoU,  llHopaluila,  A*.    Mipi.    PoM  Bn.    (!•  prrpaniiin,) 

-  — RGTPT,  Th«\m.  the  Nile,  Alenadru,  C»lre,  the 

SuuCiul,  llHPrnmtilii&e.    Map.   PoilSn.  Ui. 

HOLY  LAND — Stmi  An  PAinnn,  Penlnealft 

arBlB*I.Ed«ii.si>dBTrluD«ut.    Mipi.    1  VoU.    PomBti).    tlf. 

INDIA  —  BoBuT  AID  UiDU*.      Uftp.     3  Toll. 


ENGLISH    HANDBOOKS. 

HAND-BOOK— MODERN  LONDON.    Ut,p.    ISmo.    Si.ed. 

KENT  AND  SUSSEX,  Cuil«rbai7,  Dorer,  B«iii»- 

t*ti>,  ShHTuii,  BochHUr,  GbuhwD,  Woolvteli,  Briflimi.  ~"  ' 
Wonhlog,  Hutjn(>.  Lami,  Anudat,  Ac.    Map,    PimBti 


I,  Bei- 


WILTS,  DOEflET,   AND   SOMERSET,   Sdiibniy, 

ChlpptBhaiB.  WnaoaUi,  Shatboraa,  Walli,  Dalti,  Briatol,  Taanlsii, 

DEVON   AND  CORNWALL,  Kieter,  nfracombe, 

LlnloB.  BldiBcroUi,  Davllab,  Tilipiniaalli,  Plrnonlli.  DaToapon.  Tor- 
quaj,  LaaBeaatn],Tnifo,PaiiaaDiia,yBlmi»th,Aa.  Mapa,  PoalEhra-  10*. 

—  S0lTTHERNCATHBDBAL8,WUehert«-,B«giibBi7, 

Eiatar,  Walla,  CklehaaUr,  Satbaalar,  CaatMhBIT.  With  110  lUaitra- 
Uoiu.    IYdU.  Crsnan.    Mt. 

■  BERKS,  BUCKS,  AND    OXON,  fflndwr,   Eton, 

R«aitln(,  ATlHbsrr.  Uihhdga.  W^soiiiba,  Hiatar,  Uia  CIt}  and  UdI- 
Tanlrr  ti  Oxiori,  and  Uta  Daaoaat  of  Um  Thamaa.  Map.  Pnat  Sto. 
Ti.W. 

GLOUCESTER.  HEREFORD,  «>d  WORCESTBB, 

Clmunlar,  CbaltaDham.  Strood,  TaskMbary,  LnmlBatar,  Roa,  Mai - 
**m,  Klddanalsalir,  Dudlar,  BnBwniTa,  Eiaakaia.  Hap.  PoMBrs. 
U.Sd. 

WESTERN  CATHEDRA L8,BriitoI,01onceittr,Hw^ 

laid,  Wonaatar, and  LtohAald.  WlthW  llliutraUou  CnnSn.    Ida 

CATHEDRAIiS     OF    GLOUCESTER,     HEBE- 

map,  and  Woicuna.    Wllb  lllnaUaUnia.    Pan  Bta.    to  M 

NORTH  WALES,  Bangor,  0«ni»rTon,  Btunntrii, 

anowda*,  Coonr,  Aa.    Map.    PaatBio.    b.W. 

-  SOUTH    WALES,    CumkHhcn,    Tenby,    SwuMi. 
and  Tb*  Wr*.  Aa.    Uf.    PoalBra.    Sa.  «d. 


LIST  OP  WORKfl 


HAND-BOOK— DERBY.  NOTTS,  LEICESTER.  &  BTAPPORD, 

Miiluik,  lUksmll,  Chdivorih,  'I  h>  Pfnk,  fiiiitoii.  llirdwtek.  Dot* 
Diit,  Aahbom*.  Sovlbvrll,  MiniAalJ.  Rttfnrd,  Uiirtnn,  BulTclr,  HtIub 


HalUkl,  aaaitntali.  I 

— NORTHERN  CATHEDRALS,  York,  Ripon,   Dm- 

liiB,C*rUdfcCh»Ur,  udMucbHtu.  Wltb  «0  lUuiuatiuiu,  S  T«l>. 
CnnSn,    Jli. 

DURHAM    AND    NORTIHTMBERLAND,   New- 

CMtl*,  DaniBcMo.  QilMlirul.  BLhagi  Aucklind,  fllockun.  HtnlapiHl, 

WESTMORLAND    ji.d    CUMBERLAND— L«i- 

Afltar.  FDTDvfli  Abhor.   Ambl'ilils,  KciidHl.  wtiidarm«E«.  CanlBBim, 
KoMrick,  Qnimtn.  CuUiK  Cockcnsvolh,  Pcnrtlb,  Appbbr.     lU^ 


■  Ll»UlSTUFT,OI 


DTM.     U.    < 


~    SCOTLAND,  Edlnl-urgU,  MelroM,  KbUo,  QIukot. 

namMH.  A?r.  Silrllnii,  Amn,  TLid  CitiIi.  Obu,  Invsrur,  Loeh 
iMseikd.  Loch  KKlrlu  ud  Tnnucli*.  CmMonlu  Cu»l,  In-iiw. 
Ptnh,  DuidH.  AberAsM.  Brumir,  8k^,  CillbDtH,  Ban,  Sulfaw. 
IiBd,Ac,    Miptuid  CUdi.    PuntBTs.    01. 

IRELAND,    DdIiUd,     Betfiut,    Doncga!,     Otlmj, 


HAND-BOOK  OF  FAMILIAR  QUOTATIONS.    From  Englfak 

Aulhnn.    nird  auitm.    Fup,  Bra.    b. 
HATHEBLEY  (LaniO  On  the  CouUnull;  of  Sctiptura.  A>  decUnd 

bj  u»  Tmiibwdt  -I  n,if  Lord  kut  o(  Iba  EHngill.u  uid  ApOMlH. 

AvrlA  £<<(r».     FdiIStd,     •>. 

BKS3EY  (RiT.  Dr.).     Sunda;— Iu  OHgSn,  Hlalorj,  uid  FtbnbI 

ObLlgiUoni.    Bring  tbe  DuupUn  I,eciur»  (or  ISflO.    fajtSn.    Oi. 
HICKMAN'S  (Wh.)  Treatiw  oa  Uie  Uw  uitt   PrwtUoe  of  ITkvml 

OmirtaHutUI,    Svo.    lOi.gif. 
HOLLWAY-S  (J.  0.)  Month  in  Nonmj.     Fop.  Svo.    S«. 
HONEY    BEE  (Tail.  ^    Aa   Ebmj.      Bj-   U«t.   Tboiiab    Jakm 
HOOK'S  (Dun}  Chatcb  DiclioDbTf.      TctUh  Edition.     8to.  10«, 

(TB»0BOM)Life,   BrJ.O.LooKBAKT.     Pcap.  Sro.     U 

BOPE-S  (T.  C.)  ARCHITECTURE  OF   AHMEDABAD,  wltk 

HlilDTlal  SkiUh  (nd  AnhllHlaril  NotHbjr  T.  C.  HapitmBd  JiMM 
Fuouisui,  FJt.B.    Wllb  I  Miipa,  IK)  Pbotognplu,  u  ' ' 


PUBLISHED  BT  MR.  MURRAT. 


HOME    AND    COLONIAL    LIBRART.    A  S«ri«    of  WoAi 

mdapled  tor  it)  cIrIh  (nd  cluau  of  Hodin,  luTlnf  ban  Mlastal 
forthilr  uknovMgBd  iDtenit,  udiUUIr  of  Ibi  AnlEnn.  PoalBro. 
Publlihtd  ml  1>.  ud  tt.  td.  HDh,  ud  tniagKi  nndtr  In  dliUiutlT* 
baftdi  %*  foliowi  i — 

CLAU  A. 
HISTORY,    BIOGRAPHY,   AND    HISTORIC    TALES. 


t.  BIEOE  OF  OIBRALTAR.    Bj 


AND  BUN YAK. 

1.  LIFEnr  an  FRANCIS  DHAKE. 

BtJobnBuwiw.    it. 
(.CAUPAIONS  AT 

TON.  Bf  Kit. O.K. 
S.  THE  FREHCH  IN 

B^  Ladt  Dun  OoiDOii.    li. 
T.  THE  FALLOF  TUB  JEBUITB. 


11.  THE    SIEOEB    OF   VIENNA. 


II  THE  WATBIDE  CBOSB.     Br 
13.  BKETCHESoiaERHANLIFB. 


I«.  THE  BATTLED* 

BjBmr,  Q,  K.  Olho. 
18.  AUTOBIOORAFBY  OF  BTBF. 

FENB.   b. 
M.  THE    BRITIBH    POETS.     B7 

TB«gui  CumBLL.    >>.  M. 
IT.  HiaTORICAL     EBBATS.      Br 

Lou  Maboi.    Sf.  M. 
IB.  LIFE  OF  LORD  CLITE.     Bj 

Hn.a.R.OLiia.    Bi.U 
l«.  HORTB  -  WESTERN      SAIL- 
WAT.  BrSnF.B.Hup.    U 
10.  LIFE  OF  HOHRO.    B7  Bn.  O. 

B.OUM.    ■i.M, 


VOYAGES.    TRAVELS, 
1.  BIBLE  IN  SPAIN.   Brdiaui 

1.  QlPSIESor  SPAIN.  BfOioua 


3  IN  INDIA.  Bf 

6.  TRAVELS  ivTiinOLYLAND. 

B}  luT  ud  HiaoLH.    b. 

f.  HOROCCO  AND  THE  MOOBS. 

Br  J.  DiuuaifD  Hit.    li. 

T.  LETTERS  FROU  TBI  BALTIC. 

BykLADT.    It. 
S.  NEWBOUTHWALE8.  BfUn. 


ID.  SKETCHES  OF  PERSIA.     Br 
IL  HEUOIBS  OF  FATHER  RIPA. 

».  13.  TYPEE  AND  0»00.  Br 
H(MUH  UlLTILU.  IVoU.  Ti. 

14.  MISSIONARY  LIFE  IN  CAN- 
ADA,   BrRn.  J.  -       -     - 


AND   AOVENTURES. 

It.  LETTERS  FROU  MADRAS.  Br 

■  Udt.    Sh 
1«.  niOHLAHD     SPORTS.        Br 

CUU.U  Bt.  Jod.    St.  M. 
ir.  PAMPAS  JOURNEYS.    Br  Ba 

F.  B.  Hub.    U. 
18.  QATBERINGB  FROM  SPAtH. 

Br  RiiMus  Foul    Si.  M. 
».  THE   RITEB   AMAZON.     Br 

W.  a.  ESWUBC    U. 


1.  ADVENTURES    IN   MEXICO. 

Br  O.  F.  Bmnot.   St.  ti. 
L  PORTUOAL  AND  OALUCIA. 

Br  Lou  CASflkTM.    tt.U. 
1.  BUSH  LIFE  I! 

Br  Bit.  U.  W.  Bit 
L  THE  LIBYAN  DESERT. 

BiTUi  St.  Jod.  li. 


!C  AUSTRALIA. 


it.U. 


L  LEONE.    Br  ■  Lrn. 


,*  EMhvOTtiurbakiianfMaMr. 


LIST  OP  WORKS 


HORACE    (Works   or).    Edltol  b;   Duk   MtMAtr.    Willi    100 

(Life  of).    Bj  DbafMiw*!!,     UlailriiiiMw.    Svo.     0». 

HUUE  (Tm  Stddiit'b),  A  Hiakiij  of  Engluiil,  Trom  th«  Inruisn 
lo  laSB.    Edited  b;  Dl  Wk.  Birm.    WcoJcuM.    PimIBtb.   TlU 

Htn<CHIIISON  (Qeit.)'  on  th«   noit  erpeditiooi,  enUIn,  ud 

•uxMWhBdofUog-DtMklog.    F'jik  Siliiini.    Wlih  4r 


BUTTON'S  (H.  E.)  PrineipiB  Gtoco:  »n  Inlredoctlon  lo  tbe  Stndy 


Tith  VDohnlnnFi.    S'i'l' Rlilitm.    Itmo,    Bi.  E<1. 
lEBT  AND  MANGLES'  TutaU   in   Egypt,    Nobia,  Sjrim,  ud 

ih«  Hoir  Und.  pokbtq,  h. 
JAUES'  (Bit.  Thomai)  Frtble*  af  Miep.  A  New  TraniiUtion,  «j(h 

HIi'oTlul  Pirrww.      with  100  WDOdenu  by    Tuiilt.  ud  WoiF. 


PorUmlU,^^ 

'0.  IBc^l 
1..  6rf.  ^ 


JENNINGS'  (L.  J.)  Ei)i:hl?  Yean  of  Republican  Govemment  is 

Uio  United  Slam.     Pmi  §io.    io>.  m. 

JESSE'S  (Edvakd)  Qteuiin^  in  Nktnnl  Hiitor?.     A'eie  Sditttnt. 
JOHNS'  (Kit!  B.  0.)  Blind  Peopls ;  theii 

JOnSSON'S  (Da.  Sikdil)  Ufa.     B;  JunM  B««»ell.    IndodiBs 

lb.  Tour    In  th«   llabridH.     Edlwd   bj  lis.  CwjitM*.     ■*—■— "^ 
lloyil  Sm.    lOi. 

LiTM  of  thB  English    Poela.     EdileJ   bj  PwMtj 

KEN'S  (Bmbof)  life.    B7  a  Lathir.   Portrait.    !  Vols,  gro.  IBc' 

EipoBilion  of  tbe  ApoBlle*'  Creed.    Fcap. 

KENNEDY'S  (Gifbul)  Note*  on  the  Battle  of  Waterloo.    With 

■  HPiDOlrorhtlLtrtiiDdStrHoK.     Otd.    liM, 

KERR'S  (RosBBT)  GENTLEMAN'S  HOUSE ;  or.  How  to  Pla» 
EioLiwi  KuiDncB.  noil  thu  Puj^moi  ro  th.  P.i.m  Witt 
TlblHUd  UdiL     VlEfl  Itid  Plini.    Sronil  fiJin'm.    STB.    Ml. 

— ■ ■    Anoient  LigbU;    ■  Book    for    ATchileola,  SarTejon, 

LawTan,  uid  LandlDrdB.  Bro.    &a.6d. 

(R.   MaLooLH)   Stndent'B  Btackatone.      A    Sjalaoatio 

;   their  Origin.  Uae,  and 

',  and  a>  illnstntln  dT  AoelBBt 

KING  EDWARD  VJib'b'  Latin  ~GKmimBr;'or,  an    InlrodneUoa 

ID  thB  LatlD  TonniK.  etrmUnM  Mdilioi,  Itms.    Sj.M. 

— ■ Firat  I^tin  Book;  or, the  Aoddenae, 

BtdUi,  ud  PcTwdr.  Willi  ID  EngXih  Trualilion.  Fi/t),  KdulaH.  Umo, 


POBLISH&D  BT  UU.  HURRAY. 


KIRK'S  iJ.  FoRn)  Biitorj  of  CbwlM  tkg  Bold,  Dake  of  Bnr- 

(oixlr.    Ponnll.    SVoU.   Bra.    Ui. 
EUQLEK'S  lulixn  SchooU  of  PkintinK.    Editod.  with  Notai,  hj 
Si*  Chiuju  Eutuu.    Tkird  aitiut.    Wsodcal*.    1  Vok.    Put 


LATARD'S  (A. 
Wilh 


',' A  PorDLiiB  EDiTIoa.    Wllh  Illutntliui.    roitSre.    T>.  U. 
Hlneroh  kcd  Bibjlon ;    being   thg    N»rr»U«  of  • 

gKnnd  ElftUOaa  U  AhttU.    PUt«.    Sto.    31j. 
".•  A  l-urui.*!!  Ediiioh.    Wllh  IllulnUon*.    Pij«8*0.    7i.  W. 
LEATHE3'  (Srivur)  Short  Practiol  nebnw  Onmmu'.   With  mi 
Appsndli.  tonulalDK  tba  Ushraw  Tut  of  tianaili  I.— tI.,  ud  Pulmi 

LEKNEFS  <RkT.  H.  J.  Tim)  Uiuionv?  TraTeU  in  A*U  Minor. 

With  lUuamUou    IVlb.    PoiteTO.  [Smrlf  StaJf.) 

LESLIE'S  (C.  R.)  Hudbook  for  Tontig  P^ttn.    With  lUoitra- 


Ufa  tnd  Worki  of  Sir  Joibnt  Bejmold*.    Por- 

LETTEKS  FROlf  THE  BALTia   Bj  »  Upi.    Po«t  Sto.    2«. 

HiDKAl.     By  k  Lact.    Post  Sto.    2i. 

BiiMti  Lbom«.    Bj  %  LiDT.    Poit  Sto.   S«,  M. 

LEVI'S   (Lioit*}   Wkgn  tod  Euain^   of  tlia   Working  CIahm. 

WllhwHiiBFutillliutnUTaorihaiiEfiiiuimleCondlUoB.    Sn.   «•, 
LEWIS'S  (H.  0.)  Jonmil  of  *,  BMldenee  unong  Ihg  N^tom  In  th« 

WntlruUH.    ESMtSra.    it. 

LIDDELL'S  (Duk)  Studgnt'ii  Hiitoij  of  Boing.     With  Wood- 


SVoli.    »rg.    Hi. 

LISPINOS  tram  LOW  LATITUDES;  or,  tbs  Joarul  of  thg  Hon. 

lBipiililiaiuIiiii|lan.£dlUdbrLouiDDrniu>.WllhHFUt«.4ts.llj. 
LITTLE  ARTHUR'S   HISTORT    OF    ENQLAND.     By   Lidt 

Cituxtn.     Sn   SdiUam,  lamlimmtd    u  ISSt.     Vltb    ta    Woodnla. 

FDtp.ero.    la.U 
UTINOSTONE'S  (Dk.)    UlHlonwy   TrtraU  in    Sooth    Africa. 

lUutnUmi*.    PottiTQ.    Sj, 
Expedition  to  the  Zunbed  ud  ite  Tribntuigg: 

ud  111*  L*kM  BUrr*  and  KjtM*.    1H»«4.    Ump  Mai  '"■— itltM. 


UST  OF  VORKS 


LlTOITUIf   TALES.    By  Ihe   Aalboi   of   "  IiGtlan   Irom    ibt 

BilUi.-    P«l8*o.    li. 
LOCH'3  [H.  B.}  Penonal   NtimtiTe   of  locidcoU  ilnriDK  Lord 

Kl^n'i  SeKwi  l^inbuif  to  Ctilni.    llliulrLtliitii.    Fat  Srn, 
LOCKHABT'S  (J.  0.)  AdcmdI  Spanlih  Baltadi.     Hitlorlcal  and 


anuUo.    TmultUd,  i 


lu.    Am  JUilin.    Wltb  Wixidail 


J.  R.  Quiim  ud  ( 


.;  B.  Fom;  a.  T.  Cli>1  ;  . 


LONSDALE'S  (Btsaop)  Life.    With  Sticctiou  from  lU  WriUng*. 

ttf  £.  B.  Duuoi,  4.C.    With  Portnll.    CronSm.    lOi.U. 
LOCDOK'S  (Mm.)  InilnKtiona  in  OardcDing.    With  Qlreclioiu 
udCa)<mdireeOpa»UoDifurKnnUoi»l>.    KgUk  UHiam.    Wob^ 
CdU.    Fap.Sra.    DlS.!. 

LUCAS-  (SiMiTiL)  8ecHl»ri»;  or,  SuirejB  on  the  iiain  Etretm  of 


OMlogictl     STidencea     of    the    AutlqidU'    of    Man., 

TklrdUiUm.  lltii<lntl°iu>.   Sro.    Iti. 
-   (K-  U.)    Ocognpbieal   Huiiibaok   of  all  the    known 

Fsxia,  dlildtJ  iDto  SU  TsrtlUrld  DItIiIoiii.     P»I  Sro. 

LTTTELTON'S  (Loan)  EpbemBra.     Post  Sia,     lOi.  td. 
LTTTON'8  (Loni*)  Pmihs.     it^eic  BdiLion.     Pmt  Sto.    10(.  6d. 

Highlfnl  Heir;  »  Drama.    .Srcund Eiiitioa.   Gro.  2a  ed 

-  LoitTalcsorMilelng.  Second  Edition.  PoitSTO.  7a.(M. 
MK:LINT0CK'S    (  Sia   L.)   NarratiTs  of  ttiB    Diacovei?  of  th* 

t'w  K>l4/lmi.    With  111 ii>InUnu.    PoiieV    7f.  &t. 
UAaDOUQALL'S(CaL.)M(>d<Tn  Warfare  as  lugaeneoIbrHodtm 

MACaREOOR  (J.).  Rob  'Bii;  on  ths  Jo^,  Nile,  Red  8e«,  'md 
OsDiMunlh,  Ac.  i.  t.wM  L-niI.e  In  PtlHrlne  iid  EctI"  "d  tW 
Wainn  or  DuBucno.    WlUi  llluitrklioiii.    Cram  aro. 

UACPHEBSOK'S    (M^Joa)    Serried  la    India,  vhila   PoliUcal 

MAETZNER-8 COPIOUS  ENGLISH  GKA MM AR.  A  Melhodi-ial, 

And; tlul.ud  [IMsrii:!!  Triiiimoa  itii  Ortbognpb)',  PnxtAy,  tnlt*6- 

Uoii*.«nd6iroI«iiHUnEDgLihTonsu..  SVoli,  Bvo.  (/■•  mi^nliM.) 

MAINE  (H.  Staaaa)  Oa  AoGient  Law  :  ila  Conoection  with  tha 

Eirlr  lIlaloTT  of  SocielT.  ud  lu  UaliUlm  to  Hedun  Ideiu.    TUr4 

MALCOLM'S  (3»  Jobs)  SkelcbM  af  Penia.    Put  Sto.    8«.  OJ, 
HANSEL    (Oua),    Limiti    of   Religious    Tbougbt   EumiiMd. 
B«lsg  tin  BimpIoD  Uclnnt  Tor  1S&8.    Fi/I>i  SJiiim.  fimiin.    EU,|d. 


I 
1 


PUBLISHED  BY  MR.  HURRAY. 


MANTELL'B    (Oidio*    A.)   ThoDghta  od   AnlmtloalN ;   or,  tU 
MANUAL     or     SCIENTIFIC    ENQUIEY.      For  thg   Uw  of 


KABKHAH-S  (Hu.)  Hlrtoij  of 

Hlatory    of    Fi«nce,      From    the     OonqnW    bj 

lli*aiu1i,aiiiIwuc)liilBai.    WsodnU.    lima.    «i. 

HLilorj  of  Ocmunj.    From  th«  IdtuIob  bj  Hariai, 

cahliKuid  U  ISar.    WoodegU.    Itms.  U. 

(CuMBRis  B.)  Tr»TeU  in  Peru  ud  Indii.     Utpa 

UABBYAT'S   (Jontra)  HUtor?  of  Modern  mnd  Medinnl  Vattarj 

ud    PoKtUlD.      Wl'h  1   DHcrlption  nf  U»   UuufKIDr*.     mrd 

JUiliM.    Plutsi  ud  WosdcnU.  Bto.    42i. 
MABSH'S  (0.  P.)  HaDDtl  of  iLg  Engliih  Idnpni^    Poit  Sto. 

7'.  M. 
MATTHI^-S  SHORTER  OBEEK  GRAMMAB.      TmngUtw]  bj 

Dloki'ulo.    .1  Aix  ^>in.  niiati  bj  A,  S.  Cuxiii.    13mo. 
UAUREL,  on  tfag  ChKMMr,  AeUou,  ud  WriUngi  of  Wellinglon. 

Fap,  Sto.    t j.  U 
UAYNE'S   (CiPT.)    Fonr  Y«in  in   BriUih  Colombia  ud  Tko- 

RHinr  lulud.    lUiutnUooi,    Sra.    l«i. 
HBLTILLB'S    (Humari)    Adientnni   unongit   ths  Uuqnuu. 

ud  Soath  Sm  UUndL     IVoll.    FutBro.    T. 

MILLS'   (RiT.  JoHi)  Three   Uonlhi'  Reddence  >(  Niblni,  with 

UILUAN'S  Hiitorieal  Workc   Comp1«tainl9  VoU.  CoDtaining; 
I.  IllitDi7  sf  Ifaa  Joi,  3  Volt.     1.  Ulitorr  or  £ulT  Chilitlult}'.  3 

Anntli  of   St.   Puir*    Catbednl.     StcOTul  Sdititm. 
Portnlt  >Dd  tlluilntloBi.    ttrs.    ISt. 

Chindar  and  Conduct  of  tbe  Apoitla  ooniidond 

HuETldaniBDrChrtMUiiIti'.  Bn.  lOi.Sd. 

-  TiBiuUtloni   tram  £i;hjlus  utd  Eoripldm.      lUu- 

WarkiofHorwM.  With  100 woodcnU  BmaU Sto. T4iM~ 

Life    of   Hone«.     WoodonU.    8*o.    9«. 

PoeUeal  Work*.    PIfttw,    SYoIl    Fesp.Sm.    18«. 

P»ll  of  Jeroulom.     Fe»p.  Bto,    1*. 

(CiM.  E.  A.)  W»jrid«  CroM.    A  T»lo  of  the  CuUrt 

MBKEDITU-S  (Mm.  Chaiui}  Notui  ud  SketehN  of  Vvw  BwUi 


LIST  OP  WORKS 


MICHIE-S  {Ai»x*»DM)  SiberUui   Orerlmd  Roole  trem  Peking 


HODEBN   DOMESTIC  COOKEBY.     Founded  on  Prindplw  ot 

EcoiwBijuiilI'nctlulKiKolsillc.JViiiJUtliiM.  WwdiaU.  fup.eTo.lkt. 

UOOBE'S   (Tbonu)   Ub  ud  LeIUn  of  Lord  Brron.      PlftUa. 

dVolI.    Fap.BTO.    I8i.;  or  1  V°l.    rortnlU.    UdjiI  Sid.  fti. 
JIOTLEY'8  (J,  L.)  HlHUirT  of  lbs  United  Netker1»nd>:  from  tba 

1,  Cambujia,  uid  Lao ;   a  Kunlire  ttt 

IIOZLEV'S  (B«v.  J.  11.)  TrMtiae  on  PrcduliiuUoii.     Sro.     lit. 

Primitive DoolriiieofB«ptum»lRegenerBtion.  8To.7«.8it 

MUNOY-3   (OMRBik)    Pen     uid     Ptncil   Sketcbea     in    India. 

MONRO'S  (OiaiuL  6im  Tbohib)  Life  ud  Lellera.     Bj  the  Bxr. 

Q.  R.OcIio.    PqiISto.    Si.W. 
UtTBCUiaOM'S  (Sit  EoDEUCi)  Buuik  in  Europe  ud    Ihe  Unl 

Uodnuiu.     WlUiCulo<i»dlI>pi.A«.    1  Voli.    tlo.    bl.ii. 
Situria  ;  or,  ■  History  of  tlie  Oltlotl  Rwki  con- 


MUHRArS  RAILWAY   READING. 


-  MANUALS  OF  SCIENCE.     Dooki  for  Swdanta. 


NAPIEU-3  (Sia  Cuai.)  Lif«,  JoaroUf.  and  I.eiieis.    Itj  E»  W. 

NiMU.    &»7»d  UiiiM.    Ponnuu.    4  Voln     1-d.i  Std.    48i. 
(Sib  Wm.)  Life  and  Lotlcrt.     Edited  bj  H.  A.  Baco^ 

M.P.    PotiMlu.   SVoli,    t;n>»BSyo.   J8<, 
EogliihBaUleBiuidSiegeaoribe  Peninsular 

NAPOLEON  AT  FONTAISHLEAlT  AND  ELBA.     A  Jooinal 

C.V.Brlllib  Ciiiiitaini»Bor.     Wllti  >' Hiidol/ ^*h>t'»nw.    oi 
|[>!r.a.N,C.MjaucHi..ir,U.A.    Porlnlt.    a»,   lb. 
HAUTICAL    (Tea)    ALMANAC.      KojU  8»o.      2t.  6.1.      {fly 

NAVY  LIST  |TB«Ai.!mji,ir).    lemo.    2#.  flJ. 

NEW  TESTAMENT  (Illuotiutii,).  Witb  Explaoatorr  Com- 
aeatirf  Edllnl  by  Aioiiumcnx  CniTiT<».  M.A.,  ind  Itiaic  Jaiu, 
U.A.  Willi  IID  miiliaDilo  LudauHi  uid  Vlem  ot  eulplnn  Ollu. 
1  VoU.     CiowB  Bto.    111. 


PUBLISHED  BT  UB.  HURRAY.  2S 

NICHOLI^'   (Sia  Georoi]    HLatoty  of  the  EDgliih,   IrUh  tod 

S«oleb  Poor  Lavi.    *  Vuli.    8fo. 
(Hit,  ;H.  0.)     HiBloricil  Aeconntof  Uw  Forert  of 

NICOLAS''  (9iB  Htuu)    Hutoii'e  Peengv  of  EngUnd.      ExU- 

ua  'bich  h**  (iLiIad  In  tbli  CDUDttr   iIdh  Itu  CHHuaat.     Br 

Wiijj«  CuuBTBofB.    Bio.    so.. 
VIHBOD,  On  tha  Chace— Thi  Tuif— and  Tb«  Bo*d.     WoodooU. 

rop.STD.   St.u. 
OLD   LONDOtf  ;    Papen  rud   at  the  Archsologlcal    Iniiitate. 


OZBNHAM'S  (RiT.  W.)  English  NoIm for Utin Eleguct  j  dMl«Md 
for  urlr  IToBtknU  In  Uia  Arl  of  L«tln  VmlOcatloa,  witb  Pwtetwry 
Etnld  orCompodtloBiii  UtgUaUetn.    f mrUi  £Ai>ga.    Itms.    Si.W. 

OXFOKD'S   (Bisuop  or)  Life  of  WUliam  WUberfotM.     PoTtnit. 


PABX9'  (Di.)    FhilOMph;  in  Sport    made   Scienca   in  EanitM; 

or.  til*  FInt  PriDdple*  nl  NumI  PblliwpbT  Ineukclfd  bf  >U  of  lb* 

Ton  ■□!]  Hporu  of  Vouih.  Sauk  SdiHim.  Wnodsata.  Foal  Svo.  Tt.  Sil. 
FAR£YN3'   (Uu»riiLi>)  Three  Year*'  lUaidance  in  Abjwinia; 

■cltbTmaLilnibilCoUDlrT.  A'en  JEiiitHa.wlita  llap  ud  lltiuinUou. 

PMI810.  Ji.gA 
FEEL'S    (SiB    KoBut)    MamoirL       Edil«d    bj  Extx.  StUBon 

and  Mr,  CuniniJ.    9  Voli.  IHi^eTa.    Ti.M-Hch. 

PENH'S  (KioBiBD)  Uaxinu  and  HInU  for  to  Angler  ud  CImm- 

flija.    ittu  HUiiim.    WoodcuU.    Fup.Sro.    It. 

PEBCY'S    (JoHB,   M.D.)    Mai»llurgj.    VoU  I.    Fuel,  Coal,  Fir^ 


.-.-       Uetallurgj.    Vol.111.    Ootd,  SUrer,  and  Lead.    IIIub- 

— MeUllurgr.      Vol.     IV.      PlaUnam,    Nickel,    Cobalt, 

Anllmonr,  Ul.miilb.  Anriili,&E.    lltuilntlDni.    Sto.     (/•Ot/Wu.) 

PHILLIPP  {C.  S.  M.)  On  Jnriipradenee.     8to.     12(. 

PHILLIPS'  <JoBR)  Hemoira  of  William  Smith.  PortraiL  Sr«. 
li.M. 

Geolog;  of    Yorkihire,   The   Coa*t,  and    IdmealOM 

Diltrlct.  puiu.  tu.   Put  I.,  to*.— Put  II.,  KH. 

Kiren,    Monntaini,   and   Sea  Coait    of    TorktUre. 

with    E1U71  00   Iha   CllmaM,  SamarT,  Bad  Asetaat  Iab»Mtut& 
BKtmi  Sanim,  PllUa.    Bra.    Ifti. 

PHILPOTTS'  (BuBor)  Letten  le  the  Ute  Charlea  BuUer,  on  hU 

■  D«k  or  thaRoIdlilCBtbolItCblinb.''     Mm  JMilian.     Poat  am.    ti. 

PICE'S    (Da.)    Popular  Bt7Dological  DicUonar;  of  the  Trench 

Lungutg*.   S«D. 
POPES  (Aliubdbb)  Life  and  Worki.     A  Nem  Ediiiem.     Edited 

Titb  Lira,  ud  HoMi,  br  Bar.  Wnrwui.  Ei-vu.    Fortnlta.    Bra, 
[/■  Iti  iVaiL) 


QUARTEBLT  EKVIEW  (The).    8to.    04. 

ItAMBLES  in  ths  Sfriu  DcMrli.     Von  8to 

BANKE'S  (Lmtolc)   Hatorj  of  tbo  Popes  of  Rome  dDTing  the 

18(1)  moa  ITUi  CiniuriM.     TruulUnt  rmm  Uia  OtrriUD  by  Suah 

4D«Tix.    SVott.    Bt".    30.. 
RASSAU'S  (HuRU 

MlKdkl..     I  III 

RAWLIKSON'S   ( 


e    Groil  UoDkicbiiM  ol  the  ADcient  W«UL 

L  MtdU,  Bubj'laDU,  md  Pi'niL    Will  IlliulralMM. 
in..  (ft  fTf^rMlaii.) 


RENNIES  (D.  F.)  BritUh  Arms  in  Peking,  1880.  Post  Sro.   12*  I 
Namlira  of  Ihe  Britiah  EmbsBty  in  Cbint.     IIIob.  1 

Story  of  Bliotui  t.ad   the  Doom  War.    liap   kad 

RESIDENCE  IN  BULGARIA  ;  or,  Notts  on  Ibe  Re'Onm*  and 

SETNOLDS'  (Sii  JoaHD*)   Life  ud  Time*.     By  C.  E.  Lbuo, 

KA  ud  Ton  Tiium.    fDrlnlli.    liVnl..    «ro.    43c 
DucripUie  C«1alogno  of  Lis  Works.     With  NoUeca 


BICARDO'S   (DiTiB)    Political   Works.    With   ■   NoUoo  t 
Lift  uid  Writing!.   Bf  J.  R,  MC(ii.iJ>LH.   Xia  SUiiitm.    Sn.   1 
BIPA'S  <F.iisift)  Thirteen  Team'  Ecsideuce  At  the  Centt  of  PeUaf.  J 


PUBLISHED  BY  UB.  UURBAT.  3} 

SOBBBTSOH'8  (Oaidr)  History  of  the  Ctuiitlu  Chorcli,  fraat 
aw  ApoMoUii  A(*  ta  tbe  D«>th  of  BodIThi  VIU.,  aj>.  IIU-ISM. 
SVotL    Bto.   Mj. 

— - — ■ How   ahilt  we   Conform  to  th«  Lllni^  of  Uia 

Chanh  of  EniUwd  f     nirdSiil-i*.    PoHerg. 

BOBINSON-S  (Hit.  D>.)  BibUal  Besctrcbea  in  PilnUue  ud  the 

liDx.    Mipa.    a  Va'li.  Std.    41t. 

Physicil  Qeographj  of  tlie  Holy  IdUuL    Po«t  Bto. 

(Wm.)  Parks,  Promenidei,  mad  Oirdens  of  P»rU; 

DuntbM  koi  uimldanid  In  Kalition  U  tbi  WmnU  or  Mr  own  CMtt, 

udorPuMliiiiadfrlTiMUinliui.    Wltb  <«a  ItliumUso*.  Bn.  IBi. 
BOKE  (SiDDOT't  HtRomi  or).    Fid 

TBI    ESTIBLIJHIHIIT    Dl    tU    EUII 

(9iiiLL«   Hinokt    OF).     By  Wm.  Sxim,  LL.D.    Wood- 

<qU.     ISIBD.     Sj.U 

BOWLAXD'S    (Ditid)    Uaniul    of  tha    Eogliih    CouUtaUoD; 

IUBlH,()ro>lh,mDdPru*Dt  euia.     PhI  Bio.     lOl.tA 

LxT*  of  Kktura  the  FouadatioD  of  Uonli.     F<wt 

SUNDELL'S  (Uu.)    Domertio    Cookery,    adapted  for  Printa 

FuiUlH.    Kt^Siitiai,    WoadciiU.    Pap.Srs.    U. 
BD33ELL'S  (BuTHunru)  HUIery  of  Iha   Eoroei  of  Medlciiie. 

Portislu.     Bto.    14 1. 
BUXTON'S  (OaoBsi  7.)  TnTel*   in    Hexloo;  wltk    AdTUtDMi 

uBOBctlH  Will  TrlbM u4  Anliuli Of  UMPnlilNud  Roek]rll«o- 

Ulu.    PHtSrs.  Sj.U. 
SALE'S  (SibBobut)  BrigBdainAITgbaaUtu.  WltkaaAeoonnt^ 

tta*  Daf^Ds*  olJiUiliilHd.    Br  BiT-O.  K.QLwa.    PfMtSra.    tf. 

SALLESBDBY'S  (Editiki.)  "ChUdrca  of  the  Lake."    A  Poen. 

8AHDW1TH-3  (Hohfbbt)  Sies<>  of  Eui-     PMt  Sto.     It.  td, 
SCOTT'S  (O.  OiLMBT)  Sccalar  ud  Domeitio  ArchitactnrB,  Tn- 
HDtulFuUin.    gTo.   Bi. 

(Mailer  of  Baliol)  UnWereity  Sennoni.    Poet  Bto.    St-td. 

SCBOFE'S  (0.  P.)    Qeology  and    Eitlnet  Tolcanoea  of  Centnl 

SHAW'S  (T.'  B.)  Manaai    of    Engluh    Literature.    Edited,  witk 

Nnoondllliiitnlioni.  br  !»■»■■.  SniTB.     PtMBn.    T(.M 

Bpeeiujcna  of    English   Litentare.     Selected    treni  the 

CbltrWrlun.     Ed<»d  lir  Wa.BMiTB,  LL.D.     PhISto.   (r.  W. 

8HIBLEY  (Etiltb  P.)  od  Deer  uid  Deer  Parki,  or  wme  Acconnt 

Df   EDNlllll   Pmrki,  vlih    Nalu  OD  tb*  HUUfUKBt  ot  Dhi.      IUu- 

SIEBRA  LEONii:';  DeJKribed  in  Letlen  to  Friend*  at  Hone.    By 

SIHHONS   (CiFT.  T.  F.)  on   the   Conatitotioo  and  Praeliee  of 

CoDru-Umnlil ;  iHih  ■  auiniii>T7  Df  tba  L>*  arErfdwH.    tiMiia^ 
BaiiMd  I4ilian.    Bro.     (/lUliVai.] 

SMITH'S  (Bit.  A.  C.)  Alinctioni  of  the  Nile  and  lU  Bink*.  A 
Jaanu>I<ifTHnl>lBE«TrtudNublL   Woodcstb  tXtU.  PiaiaTa. 


LIST  OF  WORKS 


1 


SUILES'   (Sjxdil)  Lire*  of  Britiih  Engine 


;  from  th«  BftriiMt 
luirFiUuiiHl  wsriDi! 
idocUa  f/tha  Stomii 
Eaglua.  Willi »  Furtnlu  ud  100  lUiutnUmu.  t  Voli.  Sro.  111.  ncli. 

LiTM  of  Qflorge  uid  Robert  StepheoMQ.    With  PnrtrmiU 

■od  lUnstnUosi.    Madluia  fiiD.    iu.  Or  Popniir  SJUui^  ■lUi  WiMd- 
suO.    PosIBts.    St. 

L<>es  of  BonltoQ  and  Witt.     With  Portnili  uii  lUua- 

mtluu.    MadluniSTO.    -iU. 
Li»n  of  Brlndlej  tod  Ibe  Earlj  Engincen.   With  Fcrtnil 

uidSDWomldltl.    Piwiero.    Si. 

— —     Life  at  Telford.    With  a  Hiatoij  of  Roids  and  Trttellmg 

Is^oKlud.    WooJcuU.    1-oiitXa.    ii. 
Self-Help.    With  Illastntioiu  of  Cluincler  and  Conduct 

Phi  Sid.  «■.   Or  to  1  nub.  Ot. 
- —  iDduatrial  Biognphj :   Iron-Workere  and  Tool  Mtken. 

AHqualia-SBlf-Uilp."    rotlSro.    «•. 
HugueooM  in  Eogluidand  Ireland  :  their  SetUemeDt*, 

BOlfEKVlLLE'S  (Uiri)  Pbjucal  GeoKntphj.    Rcvimd  Bdition. 

HyW.il.Ujrit.    Fartnll.    PMlSvo.    (.V™-.'^ rn. J».) 
2 Connexion    of   the   Phjaioal    Bcieneoi.      JlTMk 

'Opic  Science.     lUiutn- 
k   r^isro.  su. 
F.)  Honieliolil  Sargerj;   or,  Hint*  on  Emergw^ 

■—'  noiuahd.    Womlcnlii.    Pcp.Bvo.    iJ.SA 

r)   Book  of  the   Cliarcb.     SefeiiA  £diliim. 


SODTR'S  (Ji 
SOOTHEY'S   (Eoi 


I 


—      —      Live*  of  Dunjaa  and  Cromwell.    Post  8to.     £■. 
SPECKTER'S  (Otto)  Pubs  In  BooU.    With  12  Woodeuta.    Squan 

STANLEY'S  (D«ia)  Sinai  and  Paleiline.     Uap.     Sto.    lii. 

-■ llilile  in  the  Holy  Land;  iKJag  Kilracta  &am  the 

itMTsWoik.    W«dmiu,  Fup.STD.Vi  W. 

3t  Paul'i  Epiatiea  U>  the  Corinthians.     With  DiiMi^ 

Hiatorj  of  the  Eaatem  Church.     Pluu.     Sro.   12a. 

Jewish  Church.  3  Voli.  8vo. 

Uiitorieal    Uemorial*    of    Canterbury.     Woodeal^ 

PmiBtv.    U.SiL 

Memorial*  of  Wcalmiiuter  Abboj.     Tkmt 

■ Sermone  in  the  Eiiat,  8vd.     Ss, 

on  ErangoUcal  and  Aposlelioat   Teaching. 


-    AtlDBIBBIB  ADD    CBaEDU  Of   BlSBor  StKLSI.      Willi 


PUBLISHED  BY  MR.  MURRAY.  29 


SMITHS  (Dr.  Wm.)  DicUonaiy  of  the  Bible;  iU  Antiquitiei, 
Biography,  Oeographj,  and  Natnnl  Illitoiy.  IllnttraUooa.  8  Volt. 
8vo.  106«. 

Concise  Bible   Dictionary,  for  Families  and  Stadenti. 

lUostratlonii.    Medium  8to.    S1«. 
— ^^—  Smaller  Bible  Dictionary,  for  Schools  and  Young  PerBona. 
lliuitrations.    Post  8to.    7: 6/. 

Dictionary  of  Greek  and  Roman  Antiquities.     Wood- 

ciitf.    8vo.    2 It. 

Greek  and  Roman  Biography  and  Mythology.    Wood- 

ciita.    8  Vols.    8to.    63«. 

Greek  and   Roman  Geography.     Woodcuts.    2  Vols. 


8to.  i1» 

Classical  Dictionary,  for  the  Higher  Forms.    With  750 

Woodcuti.    8to.    18«. 

—  Smaller  Classical    Dictionary.      With  200  Woodcuts. 

Crown  8to.    7#.  6tf. 

—  Smaller  Dictionary  of  Greek  and  Roman   Antiquities. 

WUh  SCO  WoodeaU.    Crown  8to.    7».6d. 

—  Complete  Latin  English  Dictionary.     With  Tables  of 

th«  Koman  Calendar,  Moasnrsa,  Weights,  and  Money.    8to.    tit, 

—  Smaller  Latin-Knglish  Dictionary.    12mo.    7t.  M. 
Copious  and  Critical  English-Latin  Dictionary.    8ro  and 


12mo.    (AVir/jr  Jteadp.) 

Principia  Latina— Part  L  A  Grammar,  Delectus,  and 


Ezerelao  Book,  with  Vocabularies.  EUventh  SditUm.  With  an  Appendix, 
containing  the  Acxtidikcb  arranged  for  the  **Pablio  School  Latin 
Primer."    ISmo.    Hs.Sd. 

Part  n.  A  Reading-book  of  Mytho- 

I'^ST*  Ooography,  Roman  Antiqnitlea,  end  Uiatory.  With  Motes  and 
Dictionarj.    Fifik  KdUiem.    12mo.    8s.  6d. 

Part    III.     A  LaUn  Poetiy  Book. 

Hexameters  and  Pentameten;  Edog.  OTidianie;  Latin  Prosody. 
Ac.    Fourth  KdUiim,    12mo.    8s.  M. 

Part  lY.    Latin  Prose  Composition. 


Rules  of  Pyiflax,  with  Examples,  Explanations  of  Sjaonyms,  saA 
Exercises  on  the  Sfntax.    Fifth  EdiHom,    ISmo.    8s.  M. 

Part  y.    Short  Tales  and  Anecdot«a 


for  Translation  Into  Latin.    Rtoomd  EiUUm.    iSroo.    8s. 
—  Latin-English  Yocabulary;    for    Phsedms,     Cornelioa 
Nepos,  and  Cesar.    ISmo.   8s.  6<t. 

Student's   Latin    Grammar  for   the    Higher   Forma. 


Third  Edition.    Post  Sro.    Ss. 

Smaller   Latin  Grammar,  for  the  Middle  and  Low«r 


Forms.    Itmo.    8s.  td. 

Initia  Gr»cA,  Part  L     An  Introduction    to    Greek; 


comprehending  G rammar,  Deleetas,  and  Exarriae-book.  Fitmrtk  BdUimu 
With  Yooabnlaries.     Third  SHiiom.    ISmo.    8s.  6d. 

Initia  Gr»ca,  Part  IL    A  Reading  Book.    Containing 


Short  Tales,  Anecdotes,  Fables,  Mythologj.  and  Gredan  History. 
Arranged  in  a  systematic  Progression,  with  a  Laxieon.  Seeomd  SdUhm, 
ISmo.    8s.  (U. 

Initia  Grnca,  Pui  III.  Greek  Prose  Composition.  Con- 


taining the  RnlM  of  Syntax,  with  eoplons  Ezaoples  and  BzerdsM. 
ISma.    8s.6tf. 


LIST  OF  WOKES 


1 


Smaltet  Oreek  Qmnmu'   for   the   Middle  and  Lover 

Fwmt.    Hmo.    Bi.aJ. 
SmtUcT   Uiiitot?    of    Engtuid.      With     lUiutntians. 

Has.   St.td. 
■ History  of  Oicece.    With  IltDStntioni.    ISmo. 

^  Hiiloi;  of  Bom«.    With  UinBlratiom.    Itmo. 


—  Smaller  HUlory  of  EngUib  Lilenittir«,   with 

SpKlmnn.    I  Toll.    Itiiin.    lU.  Sit.uch. 
BTDDENT^  HUME,     A  Hiitor?  of  Kogluid  from  ths  InrMbm 

of.lalmaCnulslhiHnnliinanariffiB.  Uf  Dinii  Una.    ComaM 


UJl.    Wmdcul 

HISTORY     OP     GREECE  ;     from    the    EarUert 

TlmHlo  Uh  RDmtnConqiidiL  With  iIk  UlitoiT  of  L<l«anin  ud  AH. 
Bj  WH.  Shto.  LL.n.    WDOdrtiU.    CnwuSra.    T(.  M. 

HISTORY   OF  ROME;   from   the  Earliert  Tinea 

In  Uh  EiUMIifauant  Df  [h*  Empln.  With  the  HUlorr  «f  Utannn 
aad  Art.    67  Di»  Liduill.    Woodmu.  Cmwa  Bto.  Ij.  6^ 

GIBBON ;  an  Epitome  of  the  Declrno  and  Fall  of  Ihe 


WosdcDU.    Pon  BtD. 

--    -    OLD  TESTAMENT  HISTORY;  from  Ihe  Creation 

NEW   TESTAMENT   HISTORY.     With  an  Intro- 

dncttDn  cduiMIlDE  Iks  Illglair  ot  thi  OIJ  lod  New  TvKanuath    Hue 
uidWoodcnu.    rme'o.    7i.M. 

BLACKSTONE :  a  STilematic  Abridgment  of  th« 

Eolin  Ci>ismi>nti>rU'>.   B7R.  Miifoui  K»>,  LL.D.   FhIBto.  Ti.U. 

— ■ MANUAL  OF  ANCIENT  GEOGRAPHY-  By  B«t. 

W.  L.  Bnur,  M.A.    Wsodnir       "    —         -    -■ 


< 


-  A^'CIENT  IIISTOEY.    Po«t  Sto. 
MORAL     PHILOSOPHY."'  wSJ 


ENGLISH  LITERATURE.  By  T.B. 

Eaiw,H.A.    PmiStd.    71,  W 
— —   SPECIMENS     OP      ENGLISH    LITERATUBE. 

S*l«Itd  Iron  Uia  Clilaf  Wrlleis,     lij  Tuoflts  B.  SalK,  it.A.    I 


PUBLISHED  BY  MB.  UURRAT. 


-  Hiitorj     of     Engluid,      from     the      Pmm    of 

cM  to  Uia  Pfu*  af  VflruUlfi,  1713-83.    LUTmrf  XJUiom,     T  nil. 

Britiih  IndU,   from  iU  Origin  till   the  Peioe  of 

Iliitorjof  "Fortj-FiTB."   Poit  8vo.     3». 

Spain  undsr  Charle*  the  Secood.   Post  dro.   6t.  6d. 

IlbloricU  ud  Cntiotl  E«u?».     Post  8to.    3<:  M. 

Life  of  BelinriaR.     Poit  Sto.    lOt.  M. 

Cond*.    Poet  8yo.     8*.  6d. 

WilliMn  Pitt.      PorlraiU.    4   Voli.     Port 


ST.  CLAIK  and  BROPHY'3  EE8IUESCE  IN  BULGARIA  ;  or, 

ST.  JOHN'S  (CaiiLn)  WUd  SporU  ud  Nitnnl  Uiitoi?  of  the 

Bifhludi.    PihISto.  Si.M. 

-(BiiLi)  AdTBDtnresintheUbTMDewit.  PoitSTO.  2*. 

ST.    LEONARDS    (Lokd)    On   Ihe   Mureprcunlatiau  in   Lord 

UuiptHU'i  LlTH  of  Loidi  LrndbuTit  ud  Bn»|hwn.  PoM  Bn.  Ii.  M. 
STEPHENS0N3'     (GtoMi   and    BoBtRt)    Urtt.     Bj  SiXDU 

BuiLU.     with  Ponnltn  (nd  10  lUtutnUoiu.     Htdlom  Sn.     tU. 

Or,  wlib  WoodcuU.    FoalBTO.Sa. 
STOTHARD'S     (Tnoa.)    Life.        With    Psrunal    BeminlaBoncM. 

STREETS  (O.  E.)  Gothic  ArehiteetarB  in  Spain.    SKond  Edilim. 

Wllh  Illuitnllr,i».    MRlliini  (jTo.    3a>. 
STYFFE  (Kbctt)  On  the  Strength  of  Iron  and  SteeL    Tranalit«d 

b^C.P.SiKDaiio.  WIUiPrer<«bTD>.  ftacT.  WIAPIM**.  Sn.  lb. 

SWIFT'S  {JoHTSiR)  Life,  and  Worka.    Bj  Johr  Fouiu.  Sto. 
STBEL'S  (Ton)  Illttorj  of  Europe  during  the  French  BaTolaUon, 


8TJIE*a  (PaorasoR)  Prineiplei  of  Surgery.  ^Edition.   8to.  I2». 
TAIT'S  (AacnBisHOFJDangen  and  Safegtiardiof  Modem Tbeolagj. 

Sto.     Rj. 

TATLOR'S  (Huay)  Notei  from  Life.     Feap.  Sro.    2<. 
THOMSON'S  (Arohbishop)  Lincoln'!  Inn  Sennona.   Sto.  10*.  M. 

— Life  in  tho  Light  o)  Qod'i  Word.     Poet  Sto.    0*. 

THREE-LEAYED  MANITAL   OF  FAMILY  PRAYER,      llojal 

TOZBR'S  {H,  F.yltuearchM 

TBISTEAM'S  <H.'  B.)  Great  Sahara,  or  Wanderingi  Sonth  of  Iha 


TAN  LENNEP'S  (Hmrt  J.)  MlMionary  Tnrels  in  AtU  Minor. 

with  IJIUUrolliiii-.    IVulf.    IMtlSTD.  [Starlf  Bimtf.} 

WAAUEN'S  (t)*.)  TrcMnret  of  Art  In  Orett  Britain.  Being  W 
AmhidI  of  lh>  Chur  CoIIhUoiu  of  PtlnUng*.  Sculplure.  Muawrlpla, 
MloUiun).  Af.  Ac.  Id  Ihl9  CouBtrr,    Obulned  fnm  Pcnuiul  liapw 

WELLINGTON'S  (Tsa  Dun  or)  Dnpatches  daring  his  mim« 

CunlMltni.   eVoln-    Bn>.    lu.wub. 
SupplcmenUry    Uoapatchea.      Vol>.  I,  lo  XIL 

B».    Kte.Hcb. 

Civil  and  PoliUetl  CorrMpondciiM'.    Toll,  T,  to 

III.     Sto.     Vb.Mch. 

SelecUoni  from  DMp4tc)iM  ftiid  Qenenl  Orden. 

Sto.    ISi. 

Specchesin  PftrliuiicDt.    3  Tola.    B»o.    42a. 

WHITE'S  (Hdtkt)  MiHRcre  or  SL  BuibDloror^w.     Pwedwl  b;  a 


WHYMPEICS  (Edwi»d)  Sanmbles  ■mong  the  At  pi.     ISfiO— tO. 

liHludlnft  Ux  rinl  Aieant  of  lb*  U>it*rliDrc,  ud  Ibaittampu  wbleh 
pnnii!>i1t(;  ilxxCbuiltriMi  OJuM  PhcnDoiiiim  on  Ihs  Alp*«Bdlu 


1 


WILBRRFORCE'S  (Wiluih)  life.     By  die  Biaaor  or  Oxvou. 


WIIjSOII'3    (Bibbdp  Dikiil)    Life,  Letl«re,   and  JoamklB.     B7 
K(v.  JoniiB  BiTtmn.    Srrmi  S^ilha.    IllnitnUmi.    FoMBtd.    Bi. 

WILSON'3    (Oni"  Bift  Bobrbt)  Secret    Hlator;  of  tbe  Frendi 

iDTHlaa  if  BbhIl  tSll.    Adh>i4  SiitWi.    Bra.    lb. 

Prints    Ditry  of   TimTele,   PenontI    Serrlcc^    1 

PoMIe  Ertnla,  dtirins  UiHlou  mad  EmplDTHimB  Abiud.    1819 

Aotobiographiol  Menoira.    From  E«rly  Life  don  lo 

ItHPuetsfTlliit.    PoTtnlt    tYDli.    Bra.    Ma. 
WOBDSWORTll'S  (BiBHor)  Joamal  of  t   Tonr  in  Atheiu  and 

AIllu.     Fairli  Sdllian.    Plain,     Put  S*<i.    fii. 

■ Pietorial,  DatcriptiTe,  and  HiatoricJ  Aceoont    , 

a/GtHn.    VofiUm.     Witb  BOO  Woodcma.     Rnjal  Btd.    Hi.  ' 

ZLVCKE  (Kit.  P.  Bimtiii).    Atnerlc*  aincc  tbe  Wmr ;  or. 

(Vlnio-  In  Iha  Unl'oil  SulM.    Bi.iti(  T.bia  T.Lk  «1l«(ea  darlnira 
Tour  Ihnuih  III*  Ule  Souibtin  Conrtdt ration,  tbe  Far  Weil,  th*    1 

BMtrMoanraloi.As  &«.    FhIBtd.    IOi.W. 


^ 


